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(54) Battery charger and battery ctiarging method 

(57) In a battery charger, current regulating means 
and voltage regulating means can be prevented from 
damages. In the case where a loss of current regulating 
means (11) or voltage regulating means (12) exceeds 
an allowable loss, pulse width modulating means (15. 
16) for generating a pulse signal having a desired pulse 
width and control means (18, 19) for intermittently oper- 
ating the current regulating means or the voltage regu- 
lating means, having the loss exceeding the allowable 
loss, based on the pulse signal are provided to sup- 
press the loss of the current regulating means or the 
voltage regulating means and suppress heat generated 
thereby, thus the current regulating means and the volt- 
age regulating means can be protected from damages. 
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Descripti n 

This invention relates to a battery charger and bat- 
tery charging method, and more particularly, is suitably 
applied to a battery charger having a voltage regulating 
circuit and a current regulating circuit. 

Secondary batteries have been used as a power 
source in portable electronic apparatus such as a port- 
able telephone, a camera integrated VTR, and so on. 
When these portable electronic apparatus are used, the 
secondary batteries must be charged prior to their use. 

When the secondary battery Is charged, a second- 
ary battery is likely to be damaged if applied with a 
charging voltage and a charging current above its rated 
values. Therefore, a battery charger generally has a 
voltage regulating circuit and a current regulating circuit 
for preventing a secondary battery from being applied 
with a charging voltage and a charging current above its 
rated values. 

Here, such a battery charger is shown in Fig. 1. As 
shown in Fig. 1 . a battery charger 1 has a current regu- 
lating circuit 2 and a voltage regulating circuit 3 which 
are connected in series, wherein an input voltage and 
an input current from an alternating-current transformer 
(AC adapter) 4 connected thereto as a direct current 
power source are used to supply a secondary battery 
BT with a charging current at or below a rated value 
through the current regulating circuit 2 and to supply the 
secondary battery BT with a charging voltage at or 
below a rated value through the voltage regulating cir- 
cuit 3. 

The battery charger 1 configured as described 
above, however, has a problem in that while the current 
regulating circuit 2 and the voltage regulating circuit 3 
can prevent the secondary battery BT from damages, 
the current regulating circuit 2 and the voltage regulat- 
ing circuit 3 themselves cannot be protected from being 
damaged. Generally, as a direct current power source to 
be supplied to the battery charger 1 . a direct current 
power source having an output voltage and an output 
current adapted to the battery charger 1 is used. How- 
ever, if a user uses a direct current power source having 
an output voltage and an output current not adapted to 
the battery charger 1, the current regulating circuit 2 
and the voltage regulating circuit 3 are likely to receive 
an input current and an input voltage above their rated 
values, thereby causing a problem in that heat above a 
rated value occurs in the current regulating circuit 2 and 
the voltage regulating circuit 3 to cause damages in the 
current regulating circuit 2 and the voltage regulating 
circuit 3. 

In view of the foregoing, an object of this invention 
is to provide a battery charger and a battery charging 
method in which damages of a cun^ent regulating 
means and a voltage regulating means can be pre- 
vented in advance. 

The foregoing object and other objects of the inven- 
tion have been achieved by the provision of a battery 



charger having current regulating means and voltage 
regulating means connected in series, which supplies a' 
secondary battery with a charging current at or below a 
predetermined value with the current regulating means 

5 and supplies the secondary battery with a charging volt- 
age at or below a predetermined value with the current 
regulating means in order to charge the secondary bat- 
tery, and in the case where a loss of the current regulat- 
ing means or the voltage regulating means exceeds an 

70 allowable loss, the battery charger comprises pulse 
width modulating means for generating a pulse signal 
having a desired pulse width, and control means for 
intermittently operating the current regulating means or 
the voltage regulating means, having the loss exceed- 

15 ing the allowable loss, based on the pulse signal. 

In the case where a loss of the current regulating 
means or the voltage regulating means exceeds the 
allowable loss as described above, the cun^ent regulat- 
ing means or the voltage regulating means is intermit- 

20 tentiy operated by the pulse signal to suppress the loss 
of the current regulating means or the voltage regulating 
means and suppress heat generated thereby, so that 
the cun-ent regulating means or the voltage regulating 
means can be protected from damages. 

25 Also, in the present invention, a battery charger 
having cun-ent regulating means and voltage regulating 
means connected in series, which uses an Input voltage 
and an input current to be supplied thereto from a power 
source to supply a secondary battery with a charging 

30 current at or below a predetermined value with the cur- 
rent regulating means and to supply the secondary bat- 
tery with a charging voltage at or below a 
predetermined value with the voltage regulating means 
in Older to charge the secondary battery, comprises first 

35 pulse width modulating means for generating a first 
pulse signal having a desired pulse width if a loss of the 
current regulating means exceeds an allowable loss, 
second pulse width modulating means for generating a 
second pulse signal having a desired pulse width if a 

40 loss of the voltage regulating means exceeds an allow- 
able loss, priority pulse generating means for selecting 
a pulse signal having a narrower pulse width out of the 
first and second pulse signals and outputting the 
selected pulse signal as a priority pulse signal, and con- 

45 trol means for intermittently operating the current regu- 
lating means and the voltage regulating means based 
on the priority pulse signal. 

In this way. the current regulating means and the 
voltage regulating means are intermittently operated 
so based on the priority pulse signal which Is a pulse signal 
having a nan-ower pulse width selected out of the first 
pulse signal for the current regulating means and the 
second pulse signal for the voltage regulating means, 
so that the losses of the current regulating means and 
55 the voltage regulating means can be simultaneously 
suppressed to prevent heat generated thereby even if 
the current regulating means and the voltage regulating 
means have different losses, thereby making it possible 
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to protect the current regulating means and the voltage 
regulating means Irom damages. 

The nature, principle and utility of the invention will 
become more apparent from the following detailed 
desCTiption when read in conjunction with the accompa- 
nying drawings in which like parts are designated by like 
reference numerals or characters and in which: 

Fig. 1 is a block diagram showing a conventional 
battery charger; 

Fig. 2 is a schematic diagram showing a circuit loss 
explaining the principles of the present invention; 
Fig. 3 is a block diagram showing the configuration 
of a battery charger according to a first embodi- 
ment; 

Figs. 4A and 4B are signal waveform charts show- 
ing the waveform of a pulse signal; 
Fig. 5 is a connection diagram showing the configu- 
rations of a current regulating circuit and a control 

circuit; 

Fig. 6 is a connection diagram showing the configu- 
rations of a voltage regulating circuit and the control 
circuit; 

Fig. 7 is a connection diagram showing the configu- 
ration of a voltage detector circuit; 
Fig. 8 is a connection diagram showing the configu- 
ration of a current detector circuit; 
Fig. 9 is a flow chart showing an operational proce- 
dure for the battery charger of the first embodiment; 
Fig. 1 0 is a block diagram showing the configuration 
of a battery charger according to a second embod- 
iment; 

Fig. 11 is a connection diagram showing the config- 
uration of a current/vottage regulating circuit; 
Fig. 12 is a flow chart showing an operational pro- 
cedure for the battery charger according to the sec- 
ond embodiment; 

Fig. 13 is a block diagram showing the configuration 
of a battery charger according to a third embodi- 
ment; 

Fig. 1 4 is a block diagram showing the configuration 
of a battery charger according to a fourth embodi- 
ment; 

Figs. 15A. 15B. and 15C are signal waveform 
charts showing a pulse signal generated by each 
pulse width modulator circuit and a priority pulse 
signal generated by a priority pulse generating cir- 
cuit; 

Fig. 1 6 is a block diagram showing the configuration 
of a battery charger according to a fifth embodi- 
ment; 

Fig. 17 is a flow chart showing an operational pro- 
cedure for the battery charger according to the fifth 
embodiment; 

Fig. 1 8 is a block diagram showing the configuration 
of a battery charger according to a sixth embodi- 
^ ment; 

Fig. 19 is a flow chart showing an operational pro- 
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cedure for the battery charger according to the sixth 
embodimerrt; 

Figs. 20A and 20B are schematic diagrams explain- 
ing the principles of a battery charger according to 
a seventh emtxxJiment; 

Fig. 21 is a block diagram showing the conf iguration 
of the battery charger according to the seventh 
embodiment; 

Fig. 22 is a flow chart showing an operational pro- 
cedure for the battery charger according to the sev- 
enth embodiment; 

Fig. 23 is a schematic diagram explaining the prin- 
ciples of detecting a fully charged battery; 
Rg. 24 is a flow chart showing a procedure for 
detecting a fully charged battery; 
Fig. 25 is a block diagram showing the configuration 
of a battery charger which controls the operation of 
a switching power source by a pulse signal; 
Fig. 26 is a flow chart showing another operational 
procedure for the battery charger of the first embod- 
iment; 

Rg. 27 is a block diagram showing the configuration 
of a battery charger which switches control circuits 
in accordance with the type of battery; 
Rg. 28 is a block diagram showing the configuration 
of a battery charger comprising time constant cir- 
cuits; 

Fig. 29 is a connection diagram showing a voltage 
and current detector circuit using a microcomputer; 
Rg. 30 is a block diagram showing the configuration 
of a battery charger which performs the pulse 
charging by switching a switch ON and OFF; 
Fig. 31 is a block diagram showing the configuration 
of a battery charger in which a cun-ent regulating ^ 
circuit is bypassed by the switch; and 
Fig. 32 is a t>lock diagram showing a battery 
charger which comprises two lines of current regu- . 
lating circuits and voltage regulating circuits having 
different ratings which are connected in parallel. 

DETAILED DESCRIPTION OF THE EMBODIMENT 



Preferred embodiment of this invention will be 
described with reference to the accompanying draw- 
45 ings: 

(1) Principles 

First, in this paragraph, the principles of the present 
50 invention will be explained. Generally a secondary bat- 
tery has rated values defined for a voltage and a current 
used to charge the battery and it is recommended to 
charge it with the voltage and the current at the rated 
values. For example, for lithium ion batteries increas- 
55 ingly used in recent years, a charging current at or 
below 1 [C] and a charging voltage at or below 4.2 [V] 
are defined as the rated values. Therefore, a battery 
charger comprises a current regulating circuit arxl a 
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voltage regulating circuit so that a secondary battery is 
suppiied with the current and the voltage at the rated 
values by the current regulating circuit and the voltage 
regulating circuit. 

The current regulating circuit and the voltage regu- 
lating circuit also have their rated current and voltage 
values defined tor their input current and input voltage, 
and an input current and an Input voltage to be supplied 
thereto must be at or below the rated current and volt- 
age values respectively. However, if a user connects a 
direct current power source, not adapted to the rated 
current and voltage values, to a battery charger, the cur- 
rent regulating circuit and the voltage regulating circuit 
are naturally supplied with an input current and an input 
voltage above the rated current and voltage values. If an 
input current and an input voltage not adopted as 
described above are supplied, the current regulating cir- 
cuit and the voltage regulating circuit suffer circuit 
losses at or above rated values, thus causing a problem 
of generating heat at or above a rated value to damage 
the circuits. 

For example, as shown in Fig. 2. assuming that 
rated values for a current regulating circuit and a voltage 
regulating circuit are defined as a cun-ent [A] and a 
voltage [V] respectively and an area indicated by X 
represents an allowable range, when a direct current 
power source within the allowable range X is connected, 
circuit losses which are generated in the current regulat- 
ing circuit and the voltage regulating circuit are indi- 
cated by a straight line x and will never exceed an 
allowable loss Px- However, if a direct current source 
exceeding the allowable range X is connected, i.e.. if a 
direct current source within a range Y shown in Fig. 2 is 
connected, circuit losses which are generated in the 
current regulating circuit and the voltage regulating cir- 
cuit are indicated by a straight line y and exceeds the 
allowable loss Py. thus causing in the worst case circuit 
losses represented by Py If losses of the current regu- 
lating circuit and the voltage regulating circuit exceed 
the allowable loss Px as described above, the circuit 
losses cause heat at or above the rated values, result- 
ing in damages in the current regulating circuit and the 
voltage regulating circuit. 

Therefore, when a battery charger is supplied with 
the input current and the input voltage exceeding the 
allowable range X. the present invention uses a pulse 
signal having a desired pulse width to intermittently 
operate the current regulating circuit and the voltage 
regulating circuit to charge a secondary battery, thereby 
preventing circuit losses occurring in the cun^ent regu- 
lating circuit and the voltage regulating circuit from 
exceeding the allowable loss Px to protect the circuits 
from being damaged. Specific embodiments applying 
the concept of the present invention described above 
will be sequentially described in the following para- 
graphs. In the following descriptions, intermittent battery 
charging using the pulse signal as mentioned above is 
referred to as the pulse charging. 



(2) First Embodiment 

In Rg. 3. numeral 10 shows a tsattery charger 
according to a first emtxxliment as a whole, which is 

5 arranged to connect a direct current power supply 
between input terminals IN-A and IN-B. The battery 
charger 10 is provided with two circuits connected in 
series between the input terminal IN-A and a positive 
pole of a secondary battery BT Specifically, one is a 

10 current regulating circuit 1 1 for supplying the secondary 
battery BT with a charging current at or below a rated 
value defined for the battery, and the other is a voltage 
regulating circuit 12 for supplying the secondary battery 
BT with a charging voltage at or below a rated value 

IS defined for the battery. Therefore, the secondary battery 
BT is prevented from being supplied with a charging 
current and a charging voltage exceeding the rated val- 
ues defined for the battery, so that the secondary t>at- 
tery BT can be protected from damages. 

20 Further, between the input terminals IN-A and IN-B. 
a voltage detector circuit 13 is arranged for detecting a 
voltage value of an input voltage supplied from the 
direct cun^ent power source. The result of voltage detec- 
tion performed by the voltage detector circuit 13 is sup- 

25 plied to a second pulse width modulator circuit 16 
described later. 

Furthermore, between the input terminal IN-B and a 
negative pole of the secondary battery BT. a current 
detector circuit 14 is arranged for detecting a current 

30 value of an input current supplied from the direct current 
power source. The result of current detection performed 
by the current detector circuit 14 is supplied to a first 
pulse width modulator circuit 15 described later. 

The first pulse width modulator circuit 15 deter- 

35 mines that an allowable loss is likely to be exceeded 
when the result of the current detection from the current 
detector circuit 14 reveals that a detected input current 
is above a rated current value for the current regulating 
circuit 11, generates a pulse signal having a desired 

40 pulse width Wi in accordance with the input current as 
shown in Fig. 4 A, on the basis of a clock signal supplied 
from an oscillator (OSC) 17. and supplies the pulse sig- 
nal to a first control circuit 18. In this connection, the 
pulse width of the pulse signal is set to an optimal 

45 value such that a circuit loss of the current regulating 
circuit 1 1 does not exceed its allowable loss. 

Note that, the first pulse width modulator circuit 15 
generates a signal fixed at logical level "H" which is sup- 
plied to the first control circuit 18 when an input cunrent 

50 at or below the rated current value is detected from the 
result of the current detection from the current detector 
circuit 14. 

The first control circuit 18 activates the current reg- 
ulating circuit 1 1 when a signal supplied from the pulse 
55 width modulator circuit 15 is at logical level "H", and 
deactivates the current regulating circuit 1 1 when at log- 
ical level "L". in this way, the current regulating circuit 1 1 
is intermittently operated when an input current above 
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the rated current value is detected, while the current 
regulating circuit 11 is continuously operated when an 
input current at or below the rated current value Is 
detected. 

On the other hand, the second pulse width modula- s 
tor circuit 16 determines from the result of the voltage 
detection from the voltage detector circuit 13 that an 
allowable loss is likely to be exceeded when an input 
voltage above a rated voltage value for the voltage reg- 
ulating circuit 12 is detected, generates a pulse signal io 
having a desired pulse width W2 according to the input 
voltage as shown in Fig. 4B, based on a clock signal 
supplied from the oscillator 17, and supplies the pulse 
signal to a second control circuit 19. Note that, the pulse 
width W2 of the pulse signal is set to an optimal value 15 
such that a circuit loss of the voltage regulating circuit 
1 2 does not exceed its allowable loss. 

Note that, the second pulse width modulator circuit 
16 generates a signal fixed at logical level "H" which is 
supplied to the second control circuit 19 when an input 20 
voltage at or below the rated voltage value is detected 
from the result of the voltage detection from the voltage 
detector circuit 13. 

The second control circuit 19 activates the voltage 
regulating circuit 12 when a signal supplied from the 25 
pulse width modulator circuit 16 is at logical level "H", 
and deactivates the voltage regulating circuit 12 when at 
logical level T". In this way, the voltage regulating circuit 
12 is intermittently operated when an input voltage 
above the rated voltage value is detected, while the volt- 30 
age regulating circuit 12 is continuously operated when 
an input voltage at or below the rated voltage value is 
detected. 

Now. the respective circuit blocks will be described 
in terms of their specific configurations. First, the current 35 
regulating circuit 1 1 and the first control circuit 1 8 will be 
described with reference to Fig. 5. As shown in Fig. 5. 
one end of a resistor R1 is connected to an input side of 
the current regulating circuit 1 1 , and the other end of 
resistor R1 is connected to an emitter of a transistor Tr1 40 
serving as a switching element. A collector of the tran- 
sistor Tri is connected to an output side of the current 
regulating circuit 1 1 . and a base is connected to the first 
control circuit 18 through a resistor R2. Further, one end 
of the resistor R1 is connected to an emitter of a transis- 45 
tor Tr2 serving as a current detecting element, and the 
other end of the resistor R1 is connected to a base of 
the transistor Tr2. Further, a collector of the transistor 
Tr2 is connected to the base of the transistor Tri . 

In the current regulating circuit 11 having the con- 50 
figuration mentioned above, when the base of the tran- 
sistor Tri is grounded by the first control circuit 18. the 
transistor Tri is turned ON to allow a cun-ent to flow from 
the input side to the output side. When the current 
increases to a reference value or higher, a predeter- 55 
mined potential difference is generated between the 
base and the emitter of the transistor Tr2 by the resistor 
R1. thereby turning the transistor Tr2 ON. When the 



transistor Tr2 is turned ON, since the transistor Tri has 
a base potential higher than an emitter potential, the 
transistor Tri is turned OFF. therefore the current is pre- 
vented from flowing. When no current is flowing, since 
the transistor Tr2 is again turned OFF to cause the base 
potential of the transistor Tri to decrease below the 
emitter potential, the transistor Tri is turned ON. Subse- 
quently, these operations are repeated to cause the 
transistor Tr2 to detect a current in order to control the 
circuit operation, whereby the current regulating circuit 
1 1 outputs a current at or below the reference value. 

On the other hand, the first control circuit 18 com- 
prises a transistor Tr3 serving as a switching element. A 
collector of the transistor TrS is connected to the afore- 
mentioned resistor R2 of the current regulating circuit 
1 1 and an emitter is grounded. A base of the transistor 
Tr3 is supplied with a signal from the first pulse width 
modulator circuit 15, such that the transistor TrS is 
turned ON when the signal is at logical level "H", and the 
transistor TrS is turned OFF when at logical level "L". 
Therefore, the first control circuit 18 activates the cur- 
rent regulating circuit 1 1 by grounding the base of the 
transistor Tri of the current regulating circuit 1 1 when 
the signal from the first pulse width modulator circuit 15 
is at logical level "H". and deactivates the current regu- 
lating circuit 1 1 by separating the base of the transistor 
Tri of the current regulating circuit 1 1 from the remain- 
ing circuit portion when at logical level "L*". 

Next, the voltage regulating circuit 12 and the sec- 
ond control circuit 19 will be described with reference to 
Fig. 6. As shown in Fig. 6. an input side of the voltage 
regulating circuit 1 2 is connected to an emitter of a tran- 
sistor Tr4 sen/ing as a switching element, and a collec- 
tor of the transistor Tr4 is connected to an output side of 
the current regulating circuit 12. A base of the transistor 
Tr4 is connected to a collector of a transistor Tr5 serving 
as a control element, and an emitter of the transistor Tr5 
is connected to the second control circuit 19 through a 
resistor R3. An output side of the voltage regulating cir- 
cuit 12 is connected to one end of a resistor R4 serving 
as a voltage detecting element for detecting an output 
voltage of the voltage regulating circuit 12, and the other 
endi of the resistor R4 is grounded through a resistor R5. 
A potential at a median point of the resistors R4 and R5 
is a divided output voltage of the voltage regulating cir- 
cuit 12, and is inputted to a comparator Pi serving as a 
voltage detecting element. The comparator Pi com- 
pares a reference potential generated by a zener diode 
D1 with the potential at the median point of the resistors 
R4 and R5 to detect whether or not an output voltage of 
the voltage regulating circuit 12 is a reference value, 
and outputs an output signal according to the detection 
result to a base of the transistor TrS. Specifically, the 
comparator PI outputs an output signal at logical level 
"H" when the output voltage is at or below the reference 
value, and outputs an output signal at logical level "L" 
when above the reference value. 

The voltage regulating circuit 12 having the config- 
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uration as mentioned above becomes to be an operable 
state when the emitter of the transistor Tr5 is grounded 
by the second control circuit 19. Under this state, since 
the output voltage of the voltage regulating circuit 12 is 
still below the reference value, the comparator PI out- 
puts an output signal at logical level ''H". Thereby, the 
transistor Tr5 is turned ON. the base of the transistor Tr4 
is grounded, and the transistor Tr4 is turned ON. Thus, 
a predetermined voltage is oulputted to the output side 
of the voltage regulating circuit 1 2. The output voltage is 
divided by the resistors R4 and R5 and then inputted to 
the comparator P1 to be detected by the comparator 
PI . As a result, if the output voltage is above the refer- 
ence value, the comparator PI outputs an output signal 
at logical level "L" to turn the transistors Tr5 and Tr4 
OFF, thereby preventing a voltage from being outputted 
to the output side of the voltage regulating circuit 12. 
When no voltage is outputted. the comparator PI again 
outputs an output signal at logical level "H" to turn the 
transistors Tr4 and Tr5 ON, so that a predetermined 
voltage is outputted to the output side of the voltage reg- 
ulating circuit 12. Subsequently, these operations are 
repeated to detect a voltage with the resistors R4 and 
R5 and the comparator PI to control the circuit opera- 
tion in accordance with the detection result, whereby 
the voltage regulating circuit 12 outputs a voltage at or 
below the reference value. 

On the other hand, the second control circuit 19 
comprises a transistor Tr6 serving as a switching ele- 
ment. A collector of the transistor Tr6 is connected to the 
aforementioned resistor R3 of the voltage regulating cir- 
cuit 12 and an emitter is grounded. A base of the tran- 
sistor Tr6 is supplied with a signal from the second pulse 
width modulator circuit 16, such that the transistor Tr6 is 
turned ON when the signal is at logical level "H", and the 
transistor Tr6 is turned OFF when at logical level "L", 
Therefore, the second control circuit 19 activates the 
voltage regulating circuit 1 2 by grounding the emitter of 
the transistor Tr5 of the voltage regulating circuit 12 
when the signal from the second pulse width modulator 
circuit 16 is at logical level "H". and deactivates the volt- 
age regulating circuit 12 by separating the emitter of the 
transistor Tr5 of the voltage regulating circuit 12 from 
the remaining circuit portion when the signal is at logical 
\&/e\ "L". Next, the voltage detector circuit 13 will be 
described with reference to Fig. 7. As shown in Fig. 7. 
the voltage detector circuit 13 has two resistors R6 and 
R7 for detecting an input voltage from the direct current 
power source. One end of the resistor R6 is connected 
to the input terminal IN-A and the other end is con- 
nected to the input terminal IN-B through the resistor 
R7. A potential at a median point of the resistors R6 and 
R7 is a divided input voltage from the direct current 
power source, and is inputted to a comparator P2 for 
detecting the voltage. The comparator P2 compares a 
reference potential generated by a zener diode D2 with 
the potential at the median point of the resistors R6 and 
R7 to detect whether or not an input voltage from the 



direct current power source is at or below a rated volt- 
age value, and outputs an output signal according to the 
detection result. Specifically, the comparator P2 outputs 
an output signal, for example, at logical level "H" when 
5 an input voltage is above the rated voltage value, and 
outputs an output signal at logical level "L" when the 
input voltage is at or below the rated voltage value. In 
this way, the voltage detector circuit 13 detects whether 
or not an input voltage from the direct current power 
10 source is at or below the rated voltage value by compar- 
ing the input voltage with the reference potential. 

Next, the current detector circuit 14 will be 
described with reference to Fig. 8. As shown in Fig. 8, 
the current detector circuit 14 has a resistor R8 for 
15 detecting an input current supplied from the direct cur- 
rent power source. One end of the resistor R8 is con- 
nected to the input terminal IN-B and the other end is 
connected to the negative pole of the secondary battery 
BT When an input current is supplied from the direct 
20 current power source, the input current returns to the 
direct current power source through the resistor RS, so 
that a voltage corresponding to the input current is gen- 
erated in the resistor R8. Potentials generated at both 
ends of the resistor R8 are inputted to a detector P3 for 
25 detecting a current. The detector P3 calculates a volt- 
age generated in the resistor R8 from the inputted 
potentials at the both ends, and detects an input cun^ent 
flowing through the resistor R8 based on the voltage. As 
a result, the detector P3 outputs an output signal, for 
30 example, at logical level "H" when an input current 
above a rated current value is flowing, and outputs an 
output signal at logical level "L" when an input current at 
or below the rated current value is flowing. In this way. 
the current detector circuit 14 calculates an input cur- 
35 rent on the basis of a voltage generated in the resistor 
R8 to detect whether or not an input current supplied 
from the direct cun-ent power source is at or below the 
rated current value. 

With the foregoing configuration, the battery 
40 charger 10 charges the secondary battery BT by exe- 
cuting an operational procedure shown in Fig. 9. Specif- 
ically, the operational procedure starts at step SP1 . and 
at step SP2, the current regulating circuit 11 and the 
voltage regulating circuit 12 are constantly operated to 
45 normally charge the secondary battery BT. More specif- 
ically, the first pulse width modulator circuit 15 and the 
second pulse width modulator circuit 16 continuously 
output signals at logical level "H" to continuously oper- 
ate the current regulating circuit 1 1 and the voltage reg- 
50 ulating circuit 12. 

At next step SP3. a voltage value of an input volt- 
age supplied from the direct current power source is 
detected by the voltage detector circuit 13. At next step 
SP4, It Is determined, based on the detection result of 
55 the voltage detector circuit 13, whether or not the input 
voltage supplied from the direct current power source is 
at or below the rated voltage value. If the input voltage is 
at or below the rated voltage value, the operational pro- 
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cedure returns to step SP2. Conversely. If the input volt- 
age Is above the rated voltage value, the operational 
procedure proceeds to next step SP5. At step SP5. a 
pulse signal having a desired pulse width is outputted 
from the second pulse width modulator circuit 16. At 5 
next step SP6. the putse signal causes the voltage reg- 
ulating circuit 12 to perform the pulse charging. Specifi- 
cally, the voltage regulating circuit 12 is activated when 
the pulse signal is at logical level "H", and the voltage 
regulating circuit 12 is deactivated when the pulse sig- 10 
nal is at logical level "V\ In this way the voltage regulat- 
ing circuit 12 is intermittently operated when an input 
voltage from the direct cun^ent power source is above 
the rated voltage value, in order to prevent a circuit loss 
of the voltage regulating circuit 12 from exceeding an 75 
allowable loss, thereby making it possible to protect the 
voltage regulating circuit 12 from damages. 

After the processing at step SP6 is executed, the 
operational procedure once returns to step SP3 to con- 
firm the input voltage. If the input voltage is still above 20 
the rated voltage value as before, the operational proce- 
dure proceeds to next step SP7. The input voltage is 
thus confirmed because an input voltage from the direct 
current power source may be at or below the rated volt- 
age value, for example, when the user may replace the 25 
direct cun-ent power source with another one for supply- 
ing a voltage at or below the rated value. 

At next step SP7, a cun^ent value of an input cun^ent 
supplied from the direct current power source is 
detected by the current detector circuit 14. At next step so 
SP8, it is determined, t>ased on the detection result of 
the current detector circuit 14, whether or not the input 
cun^ent supplied from the direct cun^ent power source is 
at or below a rated current value. If the input current is 
at or below the rated current value, the operational pro- 35 
cedure returns to step SP2 to continue to constantly 
operate the current regulating circuit 1 1 . Conversely, if 
the input cun-ent is above the rated current value, the 
operational procedure proceeds to next step SP9. At 
step SP9, a pulse signal having a desired pulse width is 40 
outputted from the first pulse width modulator circuit 15. 
At next step SP10. the pulse signal causes the cun-ent 
regulating circuit 1 1 to perform the pulse charging. Spe- 
cifically the current regulating circuit 11 is activated 
when the pulse signal is at logical level "H", and the cur- 4s 
rent regulating circuit 1 1 is deactivated when the pulse 
signal is at logical level "L In.this way the current reg- 
ulating circuit 11 is intermittently operated when an 
input current from the direct current power source is 
above the rated current value, to prevent a circuit loss of so 
the current regulating circuit 11 from exceeding an 
allowable loss, thereby making it possible to protect the 
cun-ent regulating circuit 11 from damages. 

After the processing at step SP10 is executed, the 
operational procedure returns to step SP7 to confirm 55 
the input current, for the same reason as mentioned 
above. If the input current is still above the rated current 
value, the processing of the pulse charging is repeated. 



If the input current is at or below the rated current value, 
the operational procedure returns to step SP2. 

As described above, in the battery charger 10. an 
input voltage is detected by the voltage detector circuit 
13. and the voltage regulating circuit 12 is forced to per- 
form the pulse charging when the input voltage Is above 
the rated voltage value. Thus, when an input voltage is 
above the rated voltage value, the voltage regulating cir- 
cuit 12 is intermittently operated to suppress a circuit 
loss of the voltage regulating circuit 12 and suppress 
heat generated thereby, thus making it possible to pro- 
tect the circuit from damages. 

Also, an input current is detected by the cun-ent 
detector circuit 14. and the current regulating circuit 1 1 
is forced to perform the pulse charging when the input 
current is above the rated current value. Thus, when an 
input current is above the rated current value, the cur- 
rent regulating circuit 1 1 is intermittently operated to 
suppress a circuit loss of the current regulating circuit 
1 1 and suppress heat generated thereby, thus making it 
possible to protect the circuit from damages. 

According to the foregoing configuration, the volt- 
age regulating circuit 12 is intermittently operated when 
an input voltage from the direct current power source is 
above the rated voltage value, and the current regulat- 
ing circuit 1 1 is intermittently operated when an input 
current from the direct currerrt power source is above 
the rated current value, so that even if the input voltage 
and the input current are above their respective rated 
values, it is possible to suppress heat generated in the 
voltage regulating circuit 12 and the cun-ent regulating 
circuit 1 1 and accordingly to protect the voltage regulat- 
ing circuit 12 and the current regulating circuit 11 from 
damages. Thus, a battery charger capable of obviating 
damages in the current regulating circuit and the volt- 
age regulating circuit can be realized. 

(3) Second Embodiment 

In Fig. 10 in which the same reference numerals are 
applied to parts con-esponding to Fig. 3. numeral 20 
shows a battery charger according to a second embod- 
iment as a whole. In this embodiment, a direct current 
power source is likewise connected between input ter- 
minals IN-A and IN-B. 

In the battery charger 20. two circuits connected in 
series are arranged between the input terminal IN-A 
and a positive pole of a secondary battery BT Specifi- 
cally one is a current detector circuit 21 for detecting a 
current value of an input current supplied from the direct 
current power source, and the other is a currentA^oltage 
regulating circuit 22 for supplying the secondary battery 
BT with a charging current at or below a rated value for 
the battery and for supplying the battery BT with a 
charging voltage at or below a rated value for the bat- 
tery By arranging such the currentAraltage regulating 
circuit 22, this embodiment can also prevent a charging 
current and a charging voltage above their respective 
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rated values for the battery from being supplied to the 
secondary battery BT. and accordingly protect the sec- 
ondary battery BT from damages. 

Between the input terminals IN-A and IN-B, a volt- 
age detector circuit 23 is also arranged for detecting a 
voltage value of an input voltage supplied from the 
direct current power source. 

Note that, the cun-ent detection result and the volt- 
age detection result respectively detected by the current 
detector circuit 21 and the voltage detector circuit 23 are 
respectively outputted to an accumulating circuit 24. 

The accumulating circuit 24 accumulates the cur- 
rent detection result supplied from the current detector 
circuit 21 and the voltage detection result supplied from 
the voltage detector circuit 23 to calculate input power 
supplied from the direct current power source and then 
outputs the power calculation result to a pulse width 
modulator circuit 25. 

The pulse width modulator circuit 25 generates a 
pulse signal having a desired pulse width according to 
the detected Input power based on a clock signal sup- 
plied from an oscillator 17. when it is determined from 
the power calculation result supplied from the accumu- 
lating circuit 24 that input power above a rated power 
value is being supplied from the direct cun-ent power 
source, and then outputs the pulse signal to a confrol 
circuit 26. In this connection, the pulse width of the 
pulse signal is set to an optimal value such that a circuit 
loss of the current/voltage regulating circuit 22 does not 
exceed an allowable loss. 

Note that, if it is determined from the power calcula- 
tion result supplied from the accumulating circuit 24 that 
input power at or below the rated power value is being 
supplied from the direct current power source, the pulse 
width modulator circuit 25 always generates a signal at 
logical level "H" which is supplied to the control circuit 
26. 

The confrol circuit 26 activates the cun'entA«)ltage 
regulating circuit 22 when the signal supplied from the 
pulse width modulator circuit 25 is at logical level "H". 
and deactivates the current/voltage regulating circuit 22 
when at logical level "L". In this way, the current/voltage 
regulating circuit 22 is intermittently operated when 
input power above the rated power value is supplied 
from the direct current power source, while the cur- 
rent/voltage regulating circuit 22 is continuously oper- 
ated when the input power at or below the rated power 
value is supplied. 

Now, the current/voltage regulating circuit 22 and 
the control circuit 26 will be described in terms of their 
specific configurations with reference to Fig. 11. As 
shown in Fig. 11. the current/voltage regulating circuit 
22 has a configuration equivalent to a combination of 
the current regulating circuit 1 1 and the voltage regulat- 
ing circuit 12 shown in Figs. 5 and 6 by commonly using 
a fransistor serving as a switching element. More spe- 
cifically, an input side of the current/voltage regulating 
circuit 22 is connected to one end of a resistor R9, and 
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the other end of the resistor R9 is connected to an emit- 
ter of a transistor Tr7 serving as a switching element. A 
collector of the transistor Tr7 is connected to an output 
side of the current/voltage regulating circuit 22 and a 
5 base is connected to a collector of the transistor Tr9 
serving as a control element. 

One end of the resistor R9 is connected to an emit- 
ter of a fransistor TrS serving as a current detecting ele- 
ment, and the other end of the resistor R9 is connected 
10 to a base off the transistor Tr8. A collector of the transis- 
tor TrS is connected to the base of the transistor Tr7 and 
to the collector of the transistor Tr9. 

The output side of the cun-ent/vottage regulating cir- 
cuit 22 is connected to one end of a resistor R1 1 serving 
15 as a voltage detecting element for detecting an output 
voltage of the current/voltage regulating circuit 22, and 
the other end of the resistor R1 is grounded through a 
resistor R12. A potential at a median point of the resis- 
tors R1 1 and R12 is a divided output voltage of the cur- 
20 rent/voltage regulating circuit 22, and is inputted to a 
comparator P4 serving as a voltage detecting element. 
The comparator P4 compares a reference potential 
generated by a zener diode D3 with the potential at the 
median point of the resistors R11 and R12 to detect 
25 whether or not an output voltage of the currentA^oltage 
regulating circuit 22 is a reference value, and outputs an 
output signal according to the detection result to the 
base of the fransistor TrS. Specifically, the comparator 
P4 outputs an output signal at logical level "H" when the 
30 output voltage is at or below the reference value, and 
outputs an output signal at logical level "L" when above 
the reference value. 

The emitter of the transistor TR9, which is supplied 
with the output signal, is connected to the control circuit 
35 26 through a resistor R10. 

The current/voltage regulating circuit 22 having the 
configuration as mentioned above becomes to k^e an 
operable state when the emitter of the transistor TrS is 
grounded by the control circuit 26. Under this state, 
40 since the output voltage of the current/voltage regulat- 
ing circuit 22 is still below the reference value, the com- 
parator P4 outputs an output signal at logical level "H'\ 
Thereby, the fransistor TrS is turned ON, the base off the 
transistor Tr7 is grounded, and the transistor Tr7 is 
45 turned ON. Thus, a predetermined voltage and a prede- 
termined current are outputted to the output side of the 
current/voltage regulating circuit 22. The output voltage 
is divided by the resistors R1 1 and R12, and then input- 
ted to the comparator P4 and detected by the compara- 
50 tor P4. As a result, if the output voltage is above the 
reference value, the comparator P4 outputs an output 
signal at logical level "L" to turn the transistors TrS and 
Tr7 OFF, thereby preventing a voltage from being out- 
putted to the output side of the current/voltage regulat- 
55 ing circuit 22. When no voltage is outputted, the 
comparator P4 again outputs an output signal at logical 
level "H" to turn the transistors Tr9 and Tr7 ON, so that 
a predetermined voltage is outputted to the output side 
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. of th^ current/voltage regulating circuit 22. Subse- 
quently, these operations are repeated to detect a volt- 
age with the resistors R1 1 and R12 and the comparator 
P4 and to control the circuit operation in accordance 
with the detection result, whereby the current/voltage 5 
regulating circuit 22 outputs a voltage at or below the 
reference value. 

When the transistor Tr7 turns ON to allow a current 
to flow through the resistor R9 and the current increases 
to the reference value or higher, a predetermined poten- 10 
tiat difference is generated between the base and the 
emitter of the transistor Tr8 by the resistor R9. thereby 
turning the transistor Tr8 ON. With the transistor Tr8 
turned ON, the transistor Tr7 has a base potential above 
an emitter potential to turn the transistor Tr7 OFF to pre- is 
vent the current from flowing. When no cun-ent Is flow- 
ing, the transistor Tr8 Is again turned OFF to cause the 
base potential of the transistor Tr7 to decrease below 
the emitter potential, and the transistor Tr7 is turned ON. 
Subsequently, these operations are repeated to force 20 
the transistor Tr8 to detect a cun'ent In order to control 
the circuit operation, whereby the current/voltage regu- 
lating circuit 22 outputs a current at or below the refer- 
ence value. 

On the other hand, the control circuit 26 comprises 25 
a transistor TrIO serving as a switching element in a 
manner similar to the first embodiment A collector of 
the transistor TrIO is connected to the aforementioned 
resistor RIO of the current/voltage regulating circuit 22, 
and an emitter is grounded. A base of the transistor Tr 1 0 30 
is supplied with a signal from the pulse width nruxjulator 
circuit 25, such that the transistor Trio Is turned ON 
when the signal Is at logical level "H". and the transistor 
Trio is turned OFF when at logical level "L". In this way, 
the control circuit 26 activates the current/voltage regu- 35 
lating circuit 22 by grounding the emitter of the transistor 
Tr9 of the current/voltage regulating circuit 22 when the 
signal from the pulse width modulator circuit 25 is at log- 
ical level "H", and deactivates the current/voltage regu- 
lating circuit 22 by separating the emitter of the 40 
transistor Tr9 of the current/voltage regulating circuit 22 
from the remaining circuit portion when the signal Is at 
logical low "L". 

With the foregoing configuration, the battery 
charger 20 charges the secondary battery BT by exe- 45 
cuting an operational procedure shown in Fig. 12. Spe- 
cifically, the operational procedure starts at step SP20. 
and at step SP21. the current/voltage regulating circuit 
22 is continuously operated to normally charge the sec- 
ondary battery BT More specifically, the pulse width so 
modulator circuit 25 outputs signals fixed at logical level 
"H" to continuously operate the current/voltage regulat- 
ing circuit 22. 

At next step S22, a voltage value of an input voltage 
supplied from the direct current power source is ss 
detected by the voltage detector circuit 23. At next step 
S23, a cun-ent value of an input current supplied from 
the direct current power source Is detected by the cur- 



rent detector circuit 21 . At next step SP24. the detected 
voltage value and current value are accumulated by the 
accumulating circuit 24 to calculate Input power sup- 
plied from the direct current power source. At next step 
SP25, it is determined whether or not the calculated 
Input power is at or below a rated power value. The 
operational procedure returns to step SP21 when the 
calculated Input power Is at or below the rated power 
value, and proceeds to next step SP26 when It is above 
the rated power value. 

At step SP26. a pulse signal having a desired pulse 
width is outputted from the pulse width modulator circuit 
25 based on the calculated input power. At next step 
SP27, the pulse signal causes the current/voltage regu- 
lating circuit 22 to perform the pulse charging. Specifi- 
cally, the cunrentAvoltage regulating circuit 22 is 
activated when the pulse signal is at logical level "H", 
and the current/voltage regulating circuit 22 is deacti- 
vated when the pulse signal is at logical level "L". In this 
way. the current/voltage regulating circuit 22 is Intermit- 
tently operated when Input power above the rated power 
value is supplied from the direct current power source, 
to prevent a circuit loss of the current/voltage regulating 
circuit 22 from exceeding an allowable loss, thereby 
making it possible to protect the cun^ent/voitage regulat- 
ing circuit 22 from damages. 

After the processing at step SP27 is executed, the 
operational procedure once returns to step SP22 to 
confirm the input power. The processing for the pulse 
charging is repeated if the input power is still above the 
rated power value, and the operational procedure 
returns to step SP21 if the input power has been 
reduced to the rated power value or lower. The Input 
power is thus confirmed because the input power sup- 
plied from the direct current power source may be 
decreased to the rated voltage value or lower due to a 
decrease of input current or the like. 

As described above, in the battery charger 20, an 
input voltage and an input current are detected by the 
voltage detector circuit 23 and the current detector cir- 
cuit 21 respectively, to calculate Input power based on 
the voltage value and the current value. Then, the cur- 
rent/voltage regulating circuit 22 is forced to perform the 
pulse charging when the input power is above the rated 
power value. Thus, even if input power supplied from the 
direct current power source is above the rated power 
value, the current/voltage regulating circuit 22 is inter- 
mittently operated to suppress a circuit loss of the cur- 
rent/the voltage regulating circuit 22 and suppress heat 
generated thereby, thus making it possible to protect the 
circuit from damages. 

According to the foregoing configuration, the cur- 
rent/voltage regulating circuit 22 is intermittently oper- 
ated when input power from the direct current power 
source is above the rated power value, so that even if 
the input power from the direct current power source Is 
above the rated power value, it is possible to suppress 
heat generated in the current/voltage regulating circuit 
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22 and accordingiy to protect the current/voltage regu- 
lating circuit 22 from damages. In this way, a battery 
charger capable of obviating damages in a currerrtAvolt- 
age regulating circuit can be realized. 

(4) Third Embodiment 

In Fig. 13 in which the same reference numerals are 
applied to parts corresponding to Figs. 3 and 10, 
numeral 30 shows a battery charger according to a third 
embodiment as a whole. In this embodiment, power of a 
current regulating circuit 1 1 and a voltage regulating cir- 
cuit 12 is detected to control the pulse charging. 

First, in the battery charger 30, three circuits con- 
nected in series are arranged between an input terminal 
IN-A and the positive pole of a secondary battery BT. 
Specifically, one is a current detector circuit 21 for 
detecting a current value of an input current supplied 
from a direct current power source; another one is the 
current regulating circuit 1 1 for supplying the secondary 
battery BT with a charging cun^ent at or below a rated 
value for the battery; and the remaining one is the volt- 
age regulating circuit 12 for supplying the secondary 
battery BT with a charging voltage at or below a rated 
value for the battery. By thus arranging the current reg- 
ulating circuit 11 and the voltage regulating circuit 12, 
this embodiment can also prevent the secondary bat- 
tery BT from being supplied with a charging current and 
a charging voltage above their respective rated values 
for the battery, and accordingly protect the secondary 
battery BT from damages. 

Also, the battery charger 30 is provided with first 
and second voltage detector circuits 31 and 32 for 
detecting a potential difference between inputs and out- 
puts of the current regulating circuit 1 1 and the voltage 
regulating circuit 12. The first voltage detector circuit 31 . 
which is a circuit for detecting a potential difference 
between the input and the output of the current regulat- 
ing circuit 1 1 , fetches a potential on the input side of the 
current regulating circuit 1 1 and a potential on the out- 
put side of the current regulating circuit 1 1 , and obtains 
a potential difference therebetween to calculate a 
potential difference between the input and the output of 
the current regulating circuit 1 1 . in this connection, the 
potential difference of the cun-ent regulating circuit 1 1 is 
outputted to a first accumulating circuit 33 described 
later. 

On the other hand, the second voltage detector cir- 
cuit 32, which is a circuit for detecting a potential differ- 
ence between the input and the output of the voltage 
regulating circuit 12, fetches a potential on the input 
side of the voltage regulating circuit 12 and a potential 
on the output side of the voltage regulating circuit 12, 
and obtains a potential difference therebetween to cal- 
culate a potential difference between the input and the 
output of the voltage regulating circuit 12. In this con- 
nection, the potential difference of the voltage regulating 
circuit 12 is outputted to a second accumulating circuit 



34 described later. 

The first accumulating circuit 33. which is a circuit 
for calculating the power of the current regulating circuit 
11, accumulates an input curent detected by the cur- 

5 rent detector circuit 21 and the potential difference 
between the input and the output of the current regulat- 
ing circuit 1 1 detected by the first voltage detector circuit 
31. to calculate the power of the current regulating cir- 
cuit 1 1 , and outputs the power calculation result to a first 

10 pulse width modulator circuit 35. 

. Further, the second accumulating circuit 34, which 
is a circuit for calculating the power of the voltage regu- 
lating circuit 12, accumulates an input current detected 
by the current detector circuit 21 and the potential differ- 

15 ence between the input and the output of the voltage 
regulating circuit 12 detected by the second voltage 
detector circuit 32, to calculate the power of the voltage 
regulating circuit 12, and outputs the power calculation 
result to a second pulse width modulator circuit 36. 

20 TTie first pulse width modulator circuit 35 generates 
a pulse signal having a desired pulse width according to 
the detected power based on a clock signal supplied 
from an oscillator 17. when it is determined from the 
power calculation result supplied from the first accumu- 

25 lating circuit 33 that the power of the cun-ent regulating 
circuit 1 1 is above a rated power value, and outputs the 
pulse signal to a first control circuit 18. In this connec- 
tion, the pulse width of the pulse signal is set to an opti- 
mal value such that a circuit loss of the current 

30 regulating circuit 1 1 does not exceed an allowable loss. 
Note that, the first pulse width modulator circuit 35 
continuously generates a signal at logical level "H" and 
supplies the signal to the first control circuit 18 when it is 
determined from the power calculation result supplied 

35 from the first accumulating circuit 33 that the power of 
the current regulating circuit 1 1 is at or below the rated 
power value. 

On the other hand, the second pulse width modula- 
tor circuit 36 generates a pulse signal having a desired 

40 pulse width according to the detected power based on a 
dock signal supplied from the oscillator 17 and outputs 
the pulse signal to a second control circuit 19. when it is 
determined from the power calculation result supplied 
from the second accumulating circuit 34 that the power 

45 of the voltage regulating circuit 12 is above the rated 
power value. In this connection, the pulse width of the 
pulse signal is set to an optimal value such that a circuit 
loss of the voltage regulating circuit 12 does not exceed 
an allowable loss. 

so Note that, the second pulse width modulator circuit 
36 generates a signal fixed at logical level "H" and sup- 
plies the signal to the second control circuit 19 when it is 
determined from the power calculation result supplied 
from the second accumulating circuit 34 that the power 

55 of the voltage regulating circuit 12 is at or below the 
rated power value. 

The first control circuit 18 activates the current reg- 
ulating circuit 1 1 when the signal supplied from the first 
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. pulse width mcxJulator circuit 35 is at logical level "H", 
and deactivates the current regulating circuit 1 1 when at 
logical level "L**. In this way. the current regulating circuit 
1 1 is intermittently operated when the power is above 
the rated power value, and the currerrt regulating circuit 5 
1 1 is continuously operated when the power is at or 
below the rated power value. 

Further, the second control circuit 19 activates the 
voltage regulating circuit 12 when the signal supplied 
from the second pulse width modulator circuit 36 is at 10 
logical level "H". and deactivates the voltage regulating 
circuit 12 when at logical level "L". In this way, the volt- 
age regulating circuit 12 is intermittently operated when 
the power is above the rated power value, and the volt- 
age regulating circuit 12 is continuously operated when is 
the power is at or below the rated power value. 

In the battery charger 30 configured as described 
above, a potential difference between the input and out- 
put of the current regulating circuit 1 1 is detected by the 
first voltage detector circuit 31 , and the power of the cur- 20 
rent regulating circuit 11 Is directly calculated based on 
the potential difference and an input current detected by 
the current detector circuit 21 . Then, when the power of 
the current regulating circuit 1 1 is above the rated power 
value, the first pulse width modulator circuit 35 outputs 25 
a pulse signal having a desired pulse width to intermit- 
tently operate the current regulating circuit 11. In this 
way, when the power of the current regulating circuit 1 1 
is above the rated power value, the current regulating 
circuit 1 1 is intermittently operated to reduce the power 30 
of the current regulating circuit 11 to the rated power 
value or lower (in other words, to suppress a circuit loss 
of the current regulating circuit 1 1 and suppress heat 
generated thereby), thus making it possible to protect 
the circuit from damages. 35 

Also, in the battery charger 30, a potential differ- 
ence between the input and the output of the voltage 
regulating circuit 12 is detected by the second voltage 
detector circuit 32, and the power of the voltage regulat- 
ing circuit 12 is directly calculated based on the poten- 40 
tial difference and an input current detected by the 
current detector circuit 21 . Then, when the power of the 
voltage regulating circuit 12 is above the rated power 
vale, the second pulse width modulator circuit 12 out- 
puts a pulse signal having a desired pulse width to inter- 45 
mittently operate the voltage regulating circuit 12. In this 
way. when the power of the voltage regulating circuit 12 
is above the rated power value, the voltage regulating 
circuit 12 is intermittently operated to reduce the power 
of the voltage regulating circuit 12 to the rated power so 
value or lower (in other words, to suppress a circuit loss 
of the voltage regulating circuit 12 and suppress heat 
generated thereby), thus making it possible to protect 
the circuit from damages. 

According to the foregoing configuration, the cur- ss 
rent regulating circuit 1 1 is intermittently operated when 
the power of the current regulating circuit 1 1 is above 
the rated power value, while the voltage regulating cir- 



cuit 12 Is intermittently operated when the power of the 
voltage regulating circuit 12 is above the rated power 
value, so that it is p)05sible to suppress heat generated 
in the current regulating circuit 1 1 and the voltage regu- 
lating circuit 12 and accordingly to protect the current 
regulating circuit 1 1 and the voltage regulating circuit 12 
from damages. Thus, a battery charger capeible of obvi- 
ating damages in the current regulating circuit and the 
voltage regulating circuit can be realized. 

(5) Fourth Embodiment 

In Fig. 1 4 in which the same reference numerals are 
applied to parts corresponding to Fig. 10, numeral 40 
shows a battery charger according to a fourth embodi- 
ment as a whole. In this embodiment, a priority pulse 
signal is generated to control a current/voltage regulat- 
ing circuit 22. 

First, also in the battery charger 40. a current value 
of an input current detected by a current detector circuit 
21 and a voltage value of an input voltage detected by a 
voltage detector circuit 23 are respectively supplied to 
an accumulating circuit 24. 

The accumulating circuit 24 accumulates the cur- 
rent value and the voltage value, to calculate input 
power supplied from a direct current power source, and 
outputs the power calculation result to first arvj second 
pulse width modulator circuits 41 and 42. 

The first pulse width modulator circuit 41 generates 
a pulse signal having a desired pulse width W3 accord- 
ing to the detected input power, as shown in Fig. ISA, 
based on a clock signal supplied from an oscillator 1 7, 
and outputs the pulse signal to a priority pulse generat- 
ing circuit 43, when it is determined from the power cal- 
culation result supplied from the accumulating circuit 24 
that the input power above a rated power value is sup- 
plied from the direct current power source. In this con- 
nection, the pulse signal is for controlling a current 
regulating circuit portion within the current/voltage regu- 
lating circuit 22. and its pulse width is set to an optimal 
value such that a circuit loss of the current regulating 
circuit portion does not exceeds an allowable loss. 

Note that, the first pulse width modulator circuit 41 
generates a signal fixed at logical level "H" and outputs 
the signal to the priority pulse generating circuit 43 
when it is determined from the power calculation result 
supplied from the accumulating circuit 24 that input 
power at or below the rated power value is supplied 
from the direct current power source. 

On the other hand, the second pulse width modula- 
tor circuit 42 generates a pulse signal having a desired 
pulse width W4 according to the detected input power, 
as shown in Fig. 15B. based on a clock signal supplied 
from the oscillator 1 7. and outputs the pulse signal to 
the priority pulse generating circuit 43, when it is deter- 
mined from the power calculation result supplied from 
the accumulating circuit 24 that the input power above 
the rated power value is supplied from the direct current 
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power source. In this connection, the pulse signal is for 
controlling a voltage regulating circuit portion within the 
currentA^Itage regulating circuit 22. and its pulse width 
is set to an optimal value such that a circuit loss ot the 
voltage regulating circuit portion does not exceeds an 
allowable loss. 

Note that, the second pulse width modulator circuit 
42 generates a signal fixed at logical level "H** arxJ out- 
puts the signal to the priority pulse generating circuit 43 
when it is determined from the power calculation result 
supplied from the accumulating circuit 24 that input 
power at or below the rated power value is supplied 
from the direct current power source. 

As shown in Figs. ISA and 15B, the pulse signal 
outputted from the first pulse width modulator circuit 41 
for controlling the curent regulating circuit portion and 
the pulse signal outputted from the second pulse width 
modulator circuit 42 for controlling the voltage regulating 
circuit portion are In synchronism with each other but 
have different pulse widths from each other. This is 
because the current regulating circuit portion and the 
voltage regulating circuit portion have difference circuit 
losses. In this example, the first pulse width modulator 
circuit 41 outputs a pulse having a narrower pulse width, 
which indicates that the current regulating circuit portion 
has a larger circuit loss and cannot be operated for a 
longer time period than the voltage regulating circuit 
portion. 

When the respective circuit portions have differ- 
ence circuit losses as mentioned above, the operations 
must be controlled in favor of the portion having the 
larger circuit loss. This is because if the operations were 
controlled in favor of the portion having the smaller cir- 
cuit loss, the circuit portion having the larger circuit loss 
would exceed an allowable loss and would be dam- 
aged. 

To solve this problem, this embodiment comprises 
the priority pulse generating circuit 43 so as to select a 
pulse having a narrower pulse width out of two pulses. 
More specifically, as shown in Fig. 15C, the priority 
pulse generating circuit 43 selects a pulse signal having 
a narrower pulse width out of pulse signals outputted 
from the first and second pulse width modulator circuits 
41 and 42 respectively and outputs the pulse signal to a 
control circuit 26 as a priority pulse. 

The control circuit 26 controls the operation of the 
currentA^oltage regulating circuit 22 based on the prior- 
ity pulse signal outputted from the priority pulse gener- 
ating circuit 43. Specifically, the currentM>ltage 
regulating circuit 22 is activated when the priority pulse 
signal is at logical level **H", and is deactivated when the 
priority pulse signal is at logical level "L". 

In the battery charger 40 configured as described 
above, input power supplied from the direct current 
power source is calculated k^sed on an input current 
detected by the current detector circuit 21 and an input 
voltage detected by the voltage detector circuit 23. The 
first pulse width modulator circuit 41 generates a pulse 



signal for controlling the current regulating circuit por- 
tion within the current/voltage regulating circuit 22 when 
the calculated input power is above the rated power 
value. Further, the second pulse width modulator circuit 

5 42 generates a pulse signal for controlling th voltage 
regulating circuit portion within the currentA/oltage regu- 
lating circuit 22 when the calculated input power is 
above the rated power value. The priority pulse generat- 
ing circuit 43 selects one pulse signal having the nar- 

10 rower pulse width out of the two pulse signals, and 
outputs the pulse signal to the control circuit 26 as the 
priority pulse signal. The control circuit 26 controls the 
operation of the cunrent/voKage regulating circuit 22 
based on the priority pulse signal to charge the second- 

T5 ary battery BT in the pulse charging manner. 

In this way. the battery charger 40 selects a pulse 
signal having a narrower pulse width out of a pulse sig- 
nal for the current regulating circuit portion and a pulse 
signal for the voltage regulating circuit portion, and con- 

20 trols the operation of the current/voltage regulating cir- 
cuit 22 based on the selected pulse signal (that is. the 
priority pulse signal), so that the current/voltage regulat- 
ing circuit 22 can be protected from damages by simul- 
taneously suppressing circuit losses of the current 

25 regulating circuit portion and the voltage regulating cir- 
cuit portion even if the current regulating circuit portion 
and the voltage regulating circuit portion have different 
circuit losses from each other. 

According to the foregoing configuration, since the 

30 operation of the current/voltage regulating circuit 22 is 
controlled based on a pulse signal having a narrower 
pulse width out of a pulse signal for controlling the oper- 
ation of the current regulating circuit portion and a pulse 
signal for controlling the operation of the voltage regu- 

35 lating circuit portion, the current/voltage regulating cir- 
cuit 22 can be protected from damages even if the 
current regulating circuit portion and the voltage regu- 
lating circuit portion have different circuit losses from 
each other. 



40 



(6) Fifth Embodiment 



In Fig. 16 in which the same reference numerals are 
applied to parts corresponding to Fig. 10. numeral 50 

45 shows a battery charger according to a fifth embodi- 
ment as a whole. This embodiment comprises a rated- 
value-or-less detector circuit 52 and a pulse charging 
stop circuit 53 such that the pulse charging is stopped 
when input power supplied from a direct current power 

50 source is at or below a rated value. First. In the battery 
charger 50, a power calculation result of input power 
calculated by an accumulating circuit 24 Is supplied to a 
pulse width modulator circuit 51 and the rated-value-or- 
less detector circuit 52. 

55 The rated-value-or-less detector circuit 52 deter- 
mines based on the power calculation result supplied 
from the accumulating circuit 24 whether or not Input 
power supplied from the direct current power source Is 
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at or below a rated power value, and outputs rated- 
value-or-less information indicating the input power at or 
below the rated power value to the pulse charging stop 
circuit 53 if the Input power is at or below the rated 
power value. The pulse charging stop circuit 53 outputs s 
a control signal for stopping the pulse charging to a con- 
trol circuit 54 based on the rated-value-or-less informa- 
tion. 

The pulse width modulator circuit 51 generates a 
pulse signal having a desired pulse width according to io 
the detected input power based on a clock signal sup- 
plied from an oscillator 17. and outputs the pulse signal 
to the control circuit 54. 

The control circuit 54 activates the current/voltage 
regulating circuit 22 when the pulse signal from the is 
pulse width modulator circuit 51 is at logical level "H**, 
and deactivates the current/voltage regulating circuit 22 
when at logical level "L". In this way, when input power 
at or above the rated power value is supplied from the 
direct current power source, the current/voltage regulat- 20 
ing circuit 22 is intermittently operated In accordance 
with the pulse signal to charge a secondary battery BT 
in the pulse charging manner. Also, the control circuit 
54. upon receiving the control signal for stopping the 
pulse charging from the pulse charging stop circuit 53. 25 
overrides the pulse signal and continuously operates 
the current/voltage regulating circuit 22. In this way, 
when input power at or below the rated power value is 
supplied from the direct current power source, the pulse 
charging is stopped to normally charge the secondary 30 
battery BT. 

With the foregoing configuration, the k>attery 
charger 50 charges the secondary battery BT by exe- 
cuting an operational procedure shown in Fig. 17. Spe- 
cifically, the operational procedure starts at step SP30. 35 
and at step SP31. the current/voltage regulating circuit 
22 is continuously operated to normally charge the sec- 
ondary battery BT. At next step SP32, a voltage value of 
an input voltage supplied from the direct current power 
source is detected by the voltage detector circuit 23. At 40 
next step SP33, a current value of an input current sup- 
plied from the direct current power source is detected by 
the cun^ent detector circuit 21 . At next step SP34, the 
detected voltage value and current value are accumu- 
lated by the accumulating circuit 24 to calculate input 45 
power supplied from the direct current power source. 

At next step SP35. the rated-value-or-less detector 
circuit 52 detects whether or not the input power is at or 
below the rated value. As a result, if the input power is 
above the rated power value, the pulse charging so 
processing consisting of steps SP36 and SP37 is exe- 
cuted. Specifically, a pulse signal having a desired pulse 
width is outputted from the pulse width modulator circuit 
51 at step SP36. and the current/voltage regulating cir- 
cuit 22 is controlled based on the pulse signal at step 55 
SP37 to intermittently operate the current/voltage regu- 
lating circuit 22 to charge the secondary battery BT in 
the pulse charging manner. After the processing is com- 



pleted, the operational procedure returns to step SP32 
to repeat the processing. 

On the other hand, if it is detected at step SP35 that 
the input power is at or below the rated power value, the 
normal charging processing consisting of steps SP38 
and SP39 Is executed. Spedflcalty, at step SP38, the 
rated-value-or-less detector circuit 52 outputs rated- 
value-or-less information because the input power is at 
or below the rated power value. The pulse charging stop 
circuit 53, under receiving the rated-value-or-less infor- 
mation, outputs a control signal for stopping the pulse 
charging to the control circuit 54. In this way, at step SP 
39, the control circuit 54 stops the pulse charging by 
continuously operating the current/voltage regulating 
circuit 22 to normally charge the secondary battery BT 

In this way. the battery charger 50 comprises the 
rated-value-or-less detector circuit 52 for detecting 
whether or not the input power supplied from the direct 
current power source is at or below the rated power 
value, such that the pulse charging is stopped by the 
pulse charging stop circuit 53 when it is detected by the 
rated-value-or-less detector circuit 52 that the input 
power is at or below the rated power value, thereby 
making it possible to stop the pulse charging without 
determining by the pulse width modulator circuit 51 
whether or not the input power is at or below the rated 
power value. 

According to the foregoing configuration, since the 
battery charger 50 comprises the rated-value-or-less 
detector circuit 51 for detecting whether or not input 
power supplied from the direct cun-ent power source is 
at or below the rated power value and the pulse charg- 
ing stop circuit 53 for stopping the pulse charging in 
accordance with the detection result, the pulse charging 
can be stopped when the input power is at or below the 
rated power value without determining by the pulse 
width modulator circuit 51 whether or not the input 
power is at or below the rated power value. 

(7) Sixth Embodiment 

In Fig. 1 8 in which the same reference numerals are 
applied to parts corresponding to Fig. 10, numeral 60 
shows a battery charger according to a sixth embodi- 
ment as a whole. This en^odiment comprises a plural- 
ity of current/voltage regulating circuits having different 
output current values and different output voltage values 
which are switched in accordance of the type of a sec- 
ondary battery BT 

First, the battery charger 60 comprises a change- 
over switch 61 at the output side of a current detector 
circuit 21. The change-over switch 61 Is for switching 
first, second and third current/voltage regulating circuits 
62, 63, 64 having different output current values and dif- 
ferent output voltage values, and in accordance with a 
change-over control signal from a switch control circuit 
65 described later, connects an output of the current 
detector circuit 21 with a predetermined one of the cur- 
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rent/voltage regulating circuits 62, 63, 64 to switch a 
current/voltage regulating circuit to be used for charg- 
ing. 

The first, second and third cunrentA/oltage regulat- 
ing circuits 62. 63. 64 have different output current val- 
ues and different output voltage values. For example, 
the first cun'ent/voltage regulating circuit 62 is set to an 
output current and an output voltage Vi ; the second 
current/voltage regulating circuit 63 is set to an output 
current A2 and an output voltage V2; and the third cur- 
rent/voltage regulating circuit 64 is set to an output cur- 
rent A3 and an output voltage V3. The current/voltage 
regulating circuits having different rated values are thus 
provided because an optimal charging current and 
charging voltage depend on the type of battery, and 
such that any secondary battery BT can be always 
charged with an optimal charging current and charging 
voltage. 

On the other hand, a detecting element 66 is 
arranged near the secondary battery BT for detecting 
the type of battery. The detecting element 66 is con- 
nected to a detector circuit 67. The detector circuit 67 
detects the type of the secondary battery BT (more spe- 
cifically, the type of battery such as lithium ion battery, 
nickel hydrogen battery, nickel-cadmium battery, and so 
on. the number of cells, and a connection state of the 
cells such as series connection, parallel connection, 
and so on) based on a signal from the detecting element 
66, and indicates the detected type of the secondary 
battery BT to the switch control circuit 65. 

The switch control circuit 65 determines an optimal 
cun^ent/voltage regulating circuit among the first, sec- 
ond and third current/voltage regulating circuits 62 to 64 
in accordance with the type of the secondary battery BT. 
Then, the switch control circuit 65 outputs a switch con- 
trol signal to the change-over switch 61 for switching to 
the optimal current/voltage regulating circuit. In this way, 
an optimal current/voltage regulating circuit 62. 63 or 64 
can be set for the secondary battery BT 

The switch control circuit 65 also outputs to a mode 
switching circuit 68 setting information indicating which 
of the current/voltage regulating circuits 62. 63. 64 has 
been set. 

The mode switching circuit 68 outputs a mode 
switching control signal for switching the mode of a 
pulse width modulator circuit 69 based on the supplied 
setting information. The mode is thus switched because 
an optimal pulse width and an optimal control mode 
depend on a currentA/oltage regulating circuit 62, 63 or 
64 to be used. Note that, the control mode includes a 
control mode in favor of current and a control mode in 
favor of voltage. 

The pulse width modulator circuit 69 operates in a 
control nxxie in accordance with the mode switching 
control signal, generates a pulse signal having a 
desired pulse width according to an input current 
detected by the current detector circuit 21 or an input 
voltage detected by the voltage detector circuit 23, and 



outputs the pulse signal to a control circuit 70. Note that 
the pulse width modulator circuit 69 generates the pulse 
signal if the input current or the input voltage is above a 
rated value for a set current/voltage regulating circuit 
5 62. 63 or 64, and outputs a signal fixed at logical level 
**H" In place of the pulse signal if it is at or below the 
rated value. 

The control circuit 70 controls the operation of a set 
currentA/oltage regulating circuit 62, 63 or 64 based on 
10 a signal supplied from the pulse width modulator circuit 
69. Specifically, the corrtrol circuit 70 activates the cur- 
rent/voltage regulating circuit 62. 63 or 64 when the sig- 
nal from the pulse width modulator circuit 69 is at logical 
level "H". and deactivates the cun'ent/voltage regulating 
15 circuit 62. 63 or 64 when at logical level "L". Therefore, 
the current/voltage regulating circuit 62. 63 or 64 is 
intermittently operated to charge the secondary battery 
BT in the pulse charging manner when an input current 
or an input voltage is above the rated value, while the 
20 currentA/oltage regulating circuit 62. 63 or 64 is continu- 
ously operated to normally charge the secondary bat- 
tery BT when an input current or an input voltage is at or 
below the rated value. 

With the foregoing configuration, the battery 
25 charger 60 charges the secondary battery BT by exe- 
cuting an operational procedure shown in Fig. 19. Spe- 
cifically, the operational procedure starts at step SP40, 
and at step SP41 . the type of the secondary battery BT 
is detected by the detecting element 66 and the detector 
30 circuit 67. At next step SP42, an optimal circuit is deter- 
mined among the first, second and third currentA/oltage 
regulating circuits 62. 63, 64 based on the detected type 
of the battery, and outputs a switching control signal to 
the change-over switch 61 to set the cun-entA/oltage 
35 regulating circuit 62, 63 or 64. 

At next step SP43. the mode of the pulse width 
modulator circuit 69 is switched to a mode conrespond- 
ing to the set currentA«)ltage regulating circuit 62, 63 or 
64. At next step SP44. the set currentA/oltage regulating 
40 circuit 62. 63 or 64 is continuously operated. Specifi- 
cally, not the pulse charging, the normal charging is per- 
formed to constantly supply a charging current and a 
charging voltage. 

At next step SP45, an input current or an input volt- 
45 age is detected by the current detector circuit 21 or the 
voltage detector circuit 23. At next step SP46. it is deter- 
mined whether or not the detected input current or input 
voltage is at or below the rated value. As a result, if the 
detected input current or input voltage is at or below the 
50 rated value, the operational procedure returns to step 
SP44 to operate the currentA/oltage regulating circuit 
62, 63 or 64 as it is. Conversely, if it is above the rated 
value, a pulse signal is outputted from the pulse width 
modulator circuit 69 at step SP47, and at step SP48, the 
55 current/voltage regulating circuit 62. 63 or 64 is control- 
led based on the pulse signal to intermittently operate 
the currentA/oltage regulating circuit 62, 63 or 64 to 
charge the secondary battery BT in the pulse charging 
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manner. After the processing is completed, the opera- 
tional procedure returns to step SP45 to rep at the 
processing. 

In this way, the battery charger 60 comprises the 
first, second and third currentA/oltage regulating circuits s 
62. 63, 64 having different output current values and dif- 
ferent output voltage values, and switches to a cur- 
rentA^oltage regulating circuit to be used in accordance 
with the type of the secondary battery BT detected by 
the detecting element 66 and the detector circuit 67. In io 
this way. the secondary battery BT can be charged with 
an optimal charging current and charging voltage. 

Also, in the battery charger 60. when a detected 
input current or Input voltage is above the rated value, a 
pulse signal Is outputted from the pulse width modulator is 
circuit 69 to intermittently operate the set current/volt- 
age regulating circuit 62, 63 or 64 based on the pulse 
signal. In this way. the currentA/oltage regulating circuit 
62. 63 or 64 can be protected from damages. 

According to the foregoing configuration, the cur- 20 
rent/voltage regulating circuits 62, 63. 64 having differ- 
ent output current values and different output voltage 
values are provided such that the cun-ent/voltage regu- 
lating circuits 62. 63, 64 are switched in accordance 
with the type of the secondary battery BT. so that the 2s 
secondary battery BT can be charged with an optimal 
charging current and charging voltage. 

Also, if a detected Input current or Input voltage Is 
above the rated value, the set current/voltage regulating 
circuit 62, 63 or 64 is Intermittently operated, thereby 30 
making it possible to easily protect the current/voltage 
regulating circuit 62, 63 or 64 from damages. 

(8) Seventh Embodiment 

35 

At first, the principles of a battery charger of this 
embodiment will be explained. For switching the opera- 
tion of a current/voltage regulating circuit to the pulse 
charging based on input power, it must be determined 
whether or not the input power exceeds a rated power 40 
value R As a detecting method therefor, assuming that 
a voltage and a current which generate power P are 
and Ia respectively, an input voltage and an input cur- 
rent are detected. It is determined that the rated power 
value P is not exceeded if the detection results are both 4s 
below the voltage reference value and the current 
reference value Ia. and othenwise it is determined that 
the rated power value P is exceeded. In other words, as 
shown in Fig. 20A, it is determined that the rated power 
value P is not exceeded when an input voltage and an so 
Input current are both within a region E. 

However, since the position for the power P is actu- 
ally a point on a broken line F shown in Fig. 208. it can 
be said that any position below the broken line F will not 
cause the power to exc " ed the rated power value R ss 

Thus, in this embodiment, a lager numlDer of refer- 
ence values for detecting an input voltage and an input 
current are provided so that input power is more finely 
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detected. In order to more accurately control the pulse 
charging. For example, assuming that voltage reference 
values are voltages Va. Vb. Vc as shown In Fig. 20B and 
current reference values are currents Ia. 1b. b as shown 
in Fig. 208, it is determined whether or not an input volt- 
age and an input curr^t exceed the respective refer- 
ence values, in order to determine whether or not input 
power is within a region G in which the Input power does 
not exceed the rated power value P. If the region G is not 
exceeded, a voltage and a current are constantly sup- 
plied to perform the normal charging. Cortversely, if the 
region G is exceeded, optimal pulse charging Is per- 
formed in accordance with the power. For example, if a 
detected input voltage and input current are located at a 
point H in Fig. 208 (i.e.. Vb < input voltage < Vc and Ic 
< input current < Ib). a currentA/oltage regulating circuit 
may be driven, for example, in a control mode for reduc- 
ing the current to Ic or lower, thereby suppressing the 
power to the rated value or lower to protect the circuit 
from damages. 

Now, a battery charger according to the seventh 
embodiment will be described with reference to Fig. 21 . 
In Fig. 21 in which the same reference numerals are 
applied to parts corresponding to Fig. 10. numeral 80 
shows a battery charger according to the seventh 
embodiment as a whole, and comprises a plurality of 
voltage detector circuits 81 to 83 having different detec- 
tion voltage values and a plurality of cun-ent detector cir- 
cuits 84 to 85 having different detection current values. 

The first voltage detector circuit 81 detects whether 
or not an input voltage exceeds the voltage Va (see Fig. 
208). and supplies a first separate detector circuit 87 
with the detection result. Further, the second voltage 
detector circuit 82 detects whether or not the input volt- 
age exceeds the voltage Vb (see Fig. 208). and sup- 
plies the first separate detector circuit 87 with the 
detection result in the same manner. Furthermore, the 
third voltage detector circuit 83 detects whether or not 
the input voltage exceeds the voltage Vc (see Fig. 20B), 
and supplies the first separate detector circuit 87 with 
the detection result in the same manner. 

On the other hand, the first current detector circuit 
84 detects whether or not an input current exceeds the 
current I a (see Fig. 20 B), and supplies a second sepa- 
rate detector circuit 88 with the detection result. Further, 
the second current detector circuit 85 detects whether 
or not the input current exceeds the current Ib (see Fig. 
20B), and supplies the second separate detector circuit 
88 with the detection result in the same manner. Fur- 
thermore, the third current detector circuit 86 detects 
whether or not the input current exceeds the current Ic 
(see Fig. 208). and supplies the second separate detec- 
tor circuit 88 with the detection result in the same man- 
ner. 

The first separate detector circuit 87 detects which 
of the ranges in Fig. 20B the input voltage is located 
within, based on the detection results respectively sup- 
plied from the three voltage detector circuits 81 to 83. 
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and supplies a mode switching circuit 89 with the detec- 
tion result. 

Further, the second separate detector circuit 88 
detects which of the ranges in Fig. 20B the input current 
is located within, based on the detection results respec- 
tively supplied from the three current detector circuits 84 
to 86. and supplies the nrKXde switching circuit 89 with 
the detection result. 

The mode switching circuit 89 detects which of the 
regions the input voltage and the input cun-ent exist 
within, based on the detection result related to the volt- 
age range and the detection result related to the current 
range respectively supplied from the first and second 
separate detector circuits 87 and 88. As a result, the 
mode switching circuit 89 notifies a pulse width modula- 
tor circuit 90 of a normal charging control mode if they 
exist within the region G shown in Fig. 208. and notifies 
the pulse width modulator circuit 90 of an optimal pulse 
charging control mode con'esponding to the region if 
they exist out of the region G. 

The pulse width modulator circuit 90 generates a 
pulse signal having an optimal pulse width correspond- 
ing to the control mode notified from the mode switching 
circuit 89 based on a clock signal from the oscillator 17, 
and outputs the pulse signal to a control circuit 26. Note 
that, the pulse width modulator circuit 90 outputs a sig- 
nal fixed at logical level "H" to the control circuit 26 when 
notified of the normal charging control mode. 

The control circuit 26 controls the operation of the 
current/voltage regulating circuit 22 in accordance with 
a logical level of the signal supplied from the pulse width 
modulator circuit 90. Specifically, the control circuit 26 
activates the currentA/oltage regulating circuit 22 when 
the signal is at logical level "H". and deactivates the cur- 
rent/voltage regulating circuit 22 when at logical level 
"L". In this way, the current/voltage regulating circuit 22 
can be intermittently operated to perform the pulse 
charging when the pulse signal is supplied from the 
pulse width modulator circuit 90. while the current/volt- 
age regulating circuit 22 can be continuously operated 
to perform the normal charging when the signal fixed at 
logical level "H" is supplied from the pulse width modu- 
lator circuit 90. 

With the foregoing configuration, the battery 
charger 80 charges the secondary battery BT by exe- 
cuting an operational procedure shown in Fig. 22. Spe- 
cifically, the operational procedure starts at step SP50, 
and at step SP51 . the current/voltage regulating circuit 
22 is continuously operated to normally charge the sec- 
ondary battery BT. At next step SP52. an input voltage 
and an input cun-ent are detected by the voltage detec- 
tor circuits 81 to 83 and the current detector circuits 84 
to 86. 

At next step SP53, it is determined from the detec- 
tion result of the detected voltage and the detection 
result of the detected current whether or not the input 
voltage and the input current are at or below their 
respective rated values. In other words, it is detected 
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whether or not the input voltage and the input cunrent 
exist within the region G shojwn in Fig. 20B. As a result, 
if they are determined to be at or below the rated values 
because they exist within the region G, at step SP54, 

5 the currentAraltage regulating circuit 22 is operated as it 
is to normally charge the secondary battery BT. 

Conversely, if they are determined to be above the 
rated values because they exist out of the region G, at 
step SP55. an optimal control mode is determined in 

10 accorclance with the input voltage and the input current. 
At next step SP56, the control mode is notified to the 
pulse width modulator circuit 90 to generate a pulse sig- 
nal having an optimal pulse width according to the con- 
trol mode. At next step SP57. the current/voltage 

15 regulating circuit 22 is operated based on the pulse sig- 
nal to charge the secondary battery BT in the pulse 
charging manner in an optimal state. In this way, the 
power can be reduced to the rated value or lower to pro- 
tect the current/voltage regulating circuit 22 from dam- 

20 ages. After this processing is completed, the 
operational procedure returns to step SP52 to repeat 
the processing. 

According to the foregoing configuration, since the 
battery charger 80 comprises the plurality of voltage 

25 detector circuits 81 to 83 having different detection volt- 
age values and the plurality of current detector circuits 
84 to 86 having different detection current values, an 
input voltage and an input current can be more accu- 
rately detected to con-ectly control the pulse charging. 

30 thereby ensuring that the currentA«)ltage regulating cir- 
cuit 22 can be protected from damages. 

(9) Eighth EntkxKliment 

35 The eighth embodiment will be described in con- 
nection with a method of detecting whether or not a 
charging operation for a secondary battery BT has been 
completed (in other words, whether or not the second- 
ary battery BT has been fully charged). As the second- 

40 ary battery BT becomes more charged, the relationship 
between a charging voltage and a charging current var- 
ies as shown in Fig. 23. Specifically, the charging volt- 
age converges to a constant voltage as the secondary 
battery BT is charged closer to a full charge point, while 

45 the charging current is decreasing as the secondary 
battery BT is charged closer to the full charge point. In 
this event, as is apparent from Fig. 23. the change in the 
charging current is more remarkable. It is therefore pos- 
sible to detect whether or not the secondary battery BT 

50 is fully charged by detecting the charging current. 

However, since the charging current is intermittently 
changed under the pulse charging, it is desirable to 
detect the charging current after the pulse charging is 
completed, in order to reliably detect the charging cur- 

55 rent. In the present invention, therefore, the charging 
current is detected to check for the full charge after the 
pulse charging is stopped. 

Now, a procedure for detecting the full charge will 
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be described with reference to a flow chart shown in Fig. 
24. In this connection, a battery charger used herein 
has a configuration according to any of the foregoing 
first to seventh embodiments. Also, Fig. 24 shows a pro- 
cedure after entering a pulse charging state. 

First, the procedure starts at step SP60, and at step 
SP61. a pulse charging operation is performed, and 
then the power is detected at next step SP62. At next 
step SP63. It is determined whether or not the detected 
power is at or below a rated power value. The procedure 
returns to step SP61 if the detected power is above the 
rated power value to continuously perform the pulse 
charging, while the procedure proceeds to step SP64 if 
the detected power is at or below the rated power value. 
At step SP64, the pulse charging is stopped by ceasing 
to output the pulse signal, and at next step SP65, a cur- 
rent/voltage regulating circuit is continuously operated 
to perform a normal charging operation. 

At next step SP66, an input current is detected by a 
current detector circuit, and at next step SP66, it is 
determined whether or not the input current is equal to 
the current at the completion of charging. As a result, 
the procedure returns to step SP66 to repeat the 
processing if the input currecnt is above the current at 
the completion of charging, while the procedure pro- 
ceeds to step SP68 if the input cun'ent is below the cur- 
rent at the completion of charging to terminate the 
charging by stopping the operation of the current/volt- 
age regulating circuit. 

Thus, according to the foregoing configuration, the 
full charge is detected by checking the charging current 
after the pulse charging is stopped, so that the full 
charge can be correctly detected by detecting an accu- 
rate current. 

(9) Other Embodiments 

Note that, in the aforementioned embodiments, the 
present invention is applied to a battery charger using a 
current regulating circuit and a voltage regulating circuit 
as shown in Fig. 5, 6 or 11 . However, the present inven- 
tion is not limited thereto and the present invention can 
be applied to the battery charger 100 using the switch- 
ing power source 101 as shown in Fig. 25. In this con- 
nection, also in this case, a pulse signal outputted from 
a pulse width modulator circuit is supplied to the control 
circuit 102 for controlling the operation of the switching 
power source 101 such that the control circuit 102 inter- 
mittently operates the switching power source 101 
based on the pulse signal to perform the pulse charging. 

Further, in the aforementioned first embodiment, a 
charging operation is performed in accordance with the 
procedure as shown in Fig. 9. the present invention is 
not limited thereto and the charging operation can be 
performed in accordance with the procedure as shown 
in Fig. 26. Specifically, the procedure starts at step 
SP70, and at step SP71, the current regulating circuit 
11 and the voltage regulating circuit 12 are stopped. 



and at next step SP72, an input voltage is detected by 
the voltage detector circuit 13. At next step SP73. it is 
determined whether or not the detected voltage is at or 
below the rated voltage value. As a result, if the 

5 detected voltage is above the rated voltage value, at 
step SP74. a pulse signal having a desired pulse width 
is generated from the second pulse modulator circuit 
16. Then, at next step SP75. the voltage regulating cir- 
cuit 1 2 is operated based on the pulse signal to have the 

10 voltage regulating circuit 12 perform a pulse charging 
operation. After this processing is completed, the proce- 
dure returns to step SP72 to repeat the processing. 

On the other hand, if it is determined at step SP73 
that the detected voltage is at or below the rated voltage 

IS value, at step SP76. the current regulating circuit 1 1 and 
the voltage regulating circuit 12 are activated. At next 
step SP77. an input current is detected by the current 
detector circuit 14. At next step SP78. it is determined 
whether or not the detected input current is at or below 

20 the rated current value. As a result, if the detected Input 
current is at or below the rated current value, the proce- 
dure returns to step SP76 to repeat the processing. 
Conversely, if the input current is afcxive the rated cur- 
rent value, at step SP79, a pulse signal having a desired 

25 pulse width is generated from the first pulse width mod- 
ulator circuit 15. At next step SP80, the current regulat- 
ing circuit 11 is activated based on the pulse signal to 
have the cunrent regulating circuit 1 1 perform a pulse 
charging operation. After this processing is completed, 

30 the procedure returns to step SP77 to repeat the 
processing. 

In this way, under stopping the operations of the 
current regulating circuit 1 1 and the voltage regulating 
circuit 12, an input voltage can be detected without 

35 charging the secondary battery BT, and then it can be 
determined whether or not the voltage regulating circuit 
12 should be operated to perform the pulse charging. 

Further, in the aforementioned sixth embodiment, 
the battery charger comprises the current/voltage regu- 

40 lating circuits 62, 63, 64 having different output current 
values and different output voltage values such that the 
currentA/oltage regulating circuits 62. 63, 64 are 
switched in accordance with the type of the second bat- 
tery BT detected by the detecting element 66 and the 

45 detector circuit 67. However, the present invention is not 
limited thereto and as shown in Fig. 27, in which the 
same reference numerals are applied to parts conre- 
sponding to Fig. 18, the control circuits 112. 113, 114 
can be switched in accordance with the type of a 

50 detected secondary battery BT Specifically explaining, 
a current/voltage regulating circuit 1 1 1 is not provided 
with a current detecting element and a voltage detecting 
element for controlling a regulated current and a regu- 
lated voltage, but a current detecting element and a volt- 

55 age detecting element are arranged in the control 
circuits 112, 113, 114. In this event, the control circuits 
are arranged so as to detect different current values and 
different voltage values. In the case where the control 
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circuits 112, 113, 114 desaibed above are switched 
using a switching control circuit 65 and a change-over 
switch 115, a current and a voltage outputted from the 
current/voltage regulating circuit 1 1 1 can be different. 
Thus, if it is so arranged that the control circuits 112, 
113, 114 described above are switched in accordance 
with the type of the detected secondary battery BT, the 
secondary battery BT can be charged with an optimal 
charging voltage and charging cun-ent. 

Further, in the aforementioned embodiments, no 
time constant circuit is inserted between circuits for 
adjusting the timing. However, the present invention is 
not limited thereto and a time constant circuit for adjust- 
ing the timing can be inserted between respective cir- 
cuits or between desired circuits. For example, as 
shown in Fig. 28, a time constant circuit 123 can be 
inserted between a detector circuit 121 for detecting a 
voltage, a current or power and a pulse width modulator 
circuit 122 for generating a pulse signal, to adjust the 
timing of passing a detection result. Also, a time con- 
stant circuit 1 25 can be inserted between a pulse charg- 
ing stop circuit 124 for stopping the pulse charging and 
the pulse width modulator circuit 122. to adjust the tim- 
ing of passing a control signal for stopping the pulse 
charging. Further, a time constant circuit 127 can be 
inserted between the pulse width modulator circuit 122 
and a control circuit 126. to adjust the timing of passing 
a pulse signal. Note that, a time constant circuit is not 
limited to a particular position into which it is inserted, 
but can be arranged at a desired position. 

Further, in the aforementioned emk^odiments, as a 
voltage detector circuit and a current detector circuit, 
the circuits as shown in Figs. 7 and 8 are used. How- 
ever, the present invention is not limited thereto and as 
shown in Fig. 29, a microcomputer 130 can be used to 
detect a voltage and a current. Specif icatly, a reference 
potential generated by a resistor R20 and a zener diode 
DIG and a voltage generated by dividing an input volt- 
age obtained by a resistor R21 and a resistor R22 can 
be fetched into the microcomputer 130 to detect an 
input voltage based on these voltages by the microcom- 
puter 130. Further, potentials at both ends of a resistor 
R23 can be fetched Into the microcomputer 130 to 
detect an input current based on the potentials at both 
ends of the resistor R23 by the microconrputer 130. 

Further, in the aforementioned emt>odiments. the 
pulse charging is performed by controlling the operation 
of the current regulating circuit, the voltage regulating 
circuit or the current/voltage regulating circuit t>ased on 
a pulse signal generated by the pulse width modulator 
circuit. However, the present invention is not limited 
thereto and a switching element can be arranged at the 
former stage of the current regulating circuit, the voltage 
regulating circuit, or the currentA^oltage regulating cir- 
cuit such that the switching element can be switched 
ON and OFF based on a pulse signal to perform the 
pulse charging. For example, as shown in Fig. 30, a 
switching element 141 for the pulse charging can be 



arranged at the former stage of a curent regulating cir- 
cuit 1 1 and a voltage regulating circuit 12 such that th^ 
switching element 141 is switched ON and OFF based 
on a pulse signal outputted from a pulse width modula- 

5 tor circuit 69 to perform the pulse charging, with the 
result that similar effects can be obtained as is the case 
of the aforementioned embodiments. 

In addition, the present invention is not limited 
thereto and as shown in Fig. 31, a switching element 

10 1 52 connected in parallel with the current regulating cir- 
cuit 1 1 for bypassing the current regulating circuit 1 1 
can be arranged such that the switching element 152 is 
switched ON and OFF in accordance with a pulse signal 
from a pulse width modulator circuit 153 to perform the 

15 pulse charging. Since the configuration eliminates an 
impedance of the current regulating circuit 1 1 when it is 
bypassed, the current regulating circuit 1 1 can be pre- 
vented from damages by generating a circuit loss larger 
than an allowable loss. Note that, in this case, the volt- 

20 age regulating circuit 12 can also be protected from 
damages by stopping its operation by a stop circuit 151 
when the voltage detector circuit 13 detects that an 
input voltage is above the rated value. 

Further, in the aforementioned sixth embodiment, 

25 the present invention is applied to the battery charger 
60 which comprises a plurality of current/voltage regu- 
lating circuits having different output currents and differ- 
ent output voltages which are switched using the 
change-over switch 61 . However, the present invention 

30 is not limited thereto and as shown in Fig. 32. the 
present invention can be applied to a battery charger 
160 which includes a parallel connection of a first line 
having a first current regulating circuit 1 1 for oulputting 
a first output current and a first voltage regulating circuit 

35 12 for outputting a first output voltage, connected in 
series, and a second line having a second current regu- 
lating circuit 161 for outputting a second output current 
arxj a second voltage regulating circuit 162 for output- 
ting a second output voltage, connected in series. In this 

40 connection, while the operations of the first and second 
current regulating circuits 11. 161 are controlled by a 
control circuit 18 and the operations of the first and sec- 
ond voltage regulating circuit 12, 162 are controlled by a 
control circuit 19. they can be separately controlled. 

45 Further, in the aforementioned sixth embodiment, 
no particular reference has been made to the detecting 
element 66. However, a resistor, a tiiermistor or the like 
can be used as the detecting element, wherein a current 
or a voltage supplied from the resistor or the thermistor 

so can be detected to detect the type of a battery. 

Further, in the aforementioned sixth embodiment, 
three currentA^oltage regulating circuits having different 
output currents and different output voltages are 
arranged. However, the present invention is not limited 

55 thereto and any number of current/voltage regulating 
circuits can be provided. In addition, the present irtven- 
tion is not limited thereto and some of the plural cur- 
rent/voltage regulating circuits having different output 
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currents and different output voltages can be formed of 
switchmg power sources. Further, the present invention 
is not limited thereto and. instead of the current/voltage 
regulating circuit which conrprises a combination of a 
current regulating circuit portion and a voltage regulat- 
ing circuit portion, a current regulating circuit and a volt- 
age regulating circuit can be separately provided as 
shown in Figs. 5 arKi 6. 

Further, in the aforementioned third embodiment, a 
potential difference between the input and the output of 
the current regulating circuit 1 1 is detected to calculate 
the power of the current regulating circuit 1 1 , while a 
potential difference between the input and the output of 
the voltage regulating circuit 12 is detected to calculate 
the power of the voltage regulating circuit 12, and then 
the pulse charging is controlled based on the calculation 
results. However, the present invention is not limited 
thereto and in the case where a current regulating cir- 
cuit and a voltage regulating circuit are combined into a 
single currentA/oltage regulating circuit, a potential dif- 
ference between an input and an output of the cur- 
rentA^oltage regulating circuit can be detected to 
calculate the power of the current/voltage regulating cir- 
cuit, and then the pulse charging can be controlled 
based on the calculation result. 

Further, in the aforementioned second embodi- 
ment, an input current detected by the current detector 
circuit 21 and an input voltage detected by the voltage 
detector circuit 23 are accumulated by the accumulating 
circuit 24 to calculate input power, and then the opera- 
tion of the current/voltage regulating circuit 22 is control- 
led based on the input power. However, the present 
invention is not limited thereto and in the case where a 
current regulating circuit and a voltage regulating circuit 
are separately arranged, the current regulating circuit 
and the voltage regulating circuit can be separately con- 
trolled with Input power calculated by an accumulating 
circuit. 

Further, in the aforementioned fourth embodiment, 
the pulse charging is performed by controlling the cur- 
rent/voltage regulating circuit 22 with a priority pulse 
signal. However, the present invention is not limited 
thereto and a switching element can be arranged at the 
former stage of the current/voltage regulating circuit 22 
such that the switching element is switched ON and 
OFF with the priority pulse signal to perform the pulse 
charging. 

Further, in the aforementioned fourth embodiment, 
the first and second pulse width modulator circuits 41 . 
42 generate pulse signals based on input power calcu- 
lated by the accumulating circuit 24. However, the 
present invention is not limited thereto and the first 
pulse width modulator circuit 41 can generate a pulse 
signal based on an input current detected by the current 
detector circuit 21 , also the second pulse width modula- 
tor circuit 42 can generate a pulse signal based on an 
input voltage detected by the voltage detector circuit 23. 

Further, in the aforementioned embodiments, an 



input voltage, an input current or input power supplied 
from the direct current power source, or the power of the 
voltage regulating circuit or the current regulating circuit 
is detected, and the pulse charging is performed if the 

5 detection result exceeds a rated value. Howev r, the 
present invention is not limited thereto and if the rated 
values are exceeded even If the pulse charging is per- 
formed, the charging operation itself can be stopped for 
preventing the danger. Furthermore, in the aforemen- 

10 tioned embocRments, the current detector circuit is 
arranged on the positive pole side of the secondary bat- 
tery BT and in addition. It is arranged on the negative 
pole side of the secondary battery BT. However, the cur- 
rent detector circuit can be arranged at either of the 

15 Sides. 

According to the present invention as described 
above, if a loss of current regulating means or voltage 
regulating means exceeds an allowable loss, the cur- 
rent regulating means or the voltage regulating means 

20 is intermittently operated with a pulse signal to suppress 
the loss of the current regulating means or the voltage 
regulating means and suppress heat generated thereby, 
thus making it possible to protect the current regulating 
means and the voltage regulating means from dam- 

25 ages. Thus, it is possible to realize a battery charger 
capable of obviating damages in the current regulating 
means and the voltage regulating means. 

Also, according to the present invention, since the 
current regulating means and the voltage regulating 

30 means are intermittently operated based on a priority 
pulse signal which Is the one having the narrower pulse 
width out of a first pulse signal for the current regulating 
means and a second pulse signal for the voltage regu- 
lating means, losses of the current regulating means 

35 and the voltage regulating means can be simultane- 
ously suppressed to prevent heat generated therein 
even if the current regulating means and the voltage 
regulating means have different losses, thus making it 
possible to protect the current regulating means and the 

40 voltage regulating means from damages. Thus, it is pos- 
sible to realize a battery charger capable of obviating 
damages In the cun-ent regulating means and the volt- 
age regulating means. 

While there has been described in connection with 

45 the preferred embodiments of the invention, it will be 
obvious to those skilled in the art that various changes 
and modifications may be aimed, therefore to cover in 
the appended claims all such changes and modifica- 
tions as fall within the true spirit and scope of the inven- 

50 tion. 

Claims 

1. A battery charger having current regulating means 
55 and voltage regulating means connected in series, 
for supplying a secondary battery with a charging 
current at or below a predetermined value with said 
current regulating means and for supplying said 
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secondary battery with a charging voltage at or 
below a predetermined value with said voltage reg- 
ulating means in order to charge said secondary 
battery, said battery charger comprising: 

5 

pulse width modulating means for generating a 
pulse signal having a desired pulse width If a 
loss of said current regulating means or said 
voltage regulating means exceeds an allowable 
loss; and 10 
control means for intermittently operating said 
current regulating means or said voltage regu- 5. 
lating means, having the loss exceeding seud 
allowable loss, based on said pulse signal. 

IS 

The battery charger according to claim 1 , further 
comprising 

voltage detecting means for detecting input 
voltage to be supplied to said secondary bat- 20 
tery, wherein: 

said pulse width modulating means, if a 
detection result of said voltage detecting 
means is above a rated value, generates said 
pulse signal having a pulse width according to 25 
said detection result; and 

said control means intermittently oper« 
ates said voltage regulating means based on 
said pulse signal. 

30 

The battery charger according to claim 1. further 
comprising 



\2 38 

power source, wherein: 

said pulse width modulating means, if d 
calculation result of said accumulating means 
is above a rated value, generates said pulse 
signal having a pulse width according to the 
calculation result; and 

said control means intermittently oper- 
ates said cunrent regulating means and said 
voltage regulating means based on said pulse 
signal. 

The battery charger according to claim 1 . further 
comprising: 

current detecting means for detecting input cur- 
rent to be supplied to said secondary battery; 
voltage detecting means for detecting a poten- 
tial difference between an input and an output 
of said current regulating means; and 
accumulating means for respectively accumu- 
lating detection results of said current detecting 
means and said voltage detecting means to 
calculate a value of power of said cunent regu- 
lating means, wherein: 

said pulse width modulating means, if a 
calculation result of said accumulating means 
is above a rated value, generates said pulse 
signal having a pulse width according to the 
calculation result; and 

said control means intermittently oper- 
ates said current regulating means based on 
said pulse signal. 



current detecting means for detecting input cur- 
rent to be supplied to said secondary battery. 35 
wherein: 

said pulse width modulating means, if a 
detection result of said current detecting 
means is above a rated value, generates said 
pulse signal having a pulse width according to 40 
said detection result; and 

said control means intermittently oper- 
ates said current regulating means based on 
said pulse signal. 

45 

The battery charger according to claim 1 . further 
comprising: 

voltage detecting means for detecting input 
voltage to be supplied to said secorxlary bat- so 
tery; 

current detecting means for detecting input cur- 
rent to be supplied to said secondary battery; 
and 

accumulating means for respectively accumu- ss 
lating detection results of said voltage detect- 
ing means and said current detecting means to 
calculate a value of input power supplied from a 



6. The battery charger according to claim 1. further 
comprising: 

current detecting means for detecting input cur- 
rent to be supplied to said secondary battery; 
voltage detecting means for detecting a poten- 
tial difference between an input and an output 
of said voltage regulating means; and 
accumulating means for accumulating detec- 
tion results of said current detecting means and 
said voltage detecting means to calculate a 
value of power of said voltage regulating 
means, wherein: 

said pulse width modulating means, rf a 
calculation result of said accumulating means 
is above a rated value, generates said pulse 
signal having a pulse width according to the 
calculation result; and 

said control means intermittently oper- 
ates said voltage regulating means based on 
said pulse signal. 

7, The battery charger according to any preceding 
daim, wherein 

said current regulating means and said volt- 



20 



0856931 A2J_> 



39 



EP0 856 931 A2 



40 



age regulating means comprise a parallel connec- 
tibh of a first line having a first current regulating 
circuit for outputting a first output current and a first 
voltage regulating circuit for outputting a first output 
voltage which are connected in series, and a sec- 
ond line having a second current regulating circuit 
for outputting a second output current and a second 
voltage regulating circuit for outputting a second 
output voltage which are connected in series. 

8. The battery charger according to any preceding 
claim, having 

a switch connected in parallel with said current 
regulating means to bypass said current regu- 
lating means, wherein 

said control means switches said switch 
ON and OFF in response to said pulse signal. 

9. The battery charger according to any preceding 
claim, wherein 

said current regulating means comprises a 
plurality of current regulating circuits having differ- 
ent output current values from each other, and said 
voltage regulating means comprises a plurality of 
voltage regulating circuits having different output 
voltage values from each other, and 

said battery charger further comprises: 

a change-over switch for switching said current 
regulating circuits and said voltage regulating 
circuits; and 

a switch control circuit for switching said 
change-over switch in accordance with the type 
of said secondary battery. 

10. The battery charger according to any preceding 
claim, comprising: 

a plurality of voltage detector circuits having dif- 
ferent detection voltage values as voltage 
detecting means for detecting input voltage; 
a plurality of current detector circuits having dif- 
ferent detection current values as current 
detecting means for detecting input current; 
and 

a mode switching circuit for notifying said pulse 
width modulating means of an optimal control 
mode in accordance with detection results of 
said voltage detector circuits and said current 
detector circuits, wherein 

said pulse width modulating means gen- 
erates a pulse signal having an optimal pulse 
width in accordance with said control mode. 

11. The battery charger according to any preceding 
' claim, wherein 

said control means continuously operates 



said current regulating means or said voltage regu- 
lating means which is being intermittently operated, 
based on a signal from said pulse width nmiulating 
means or predetermined stop means. 

5 

1 2. The battery charger according to claim 1 1 , compris- 
ing 

current detecting means for detecting a fully 
10 charged state of said secondary battery by 

detecting input ojrrent whjie said current regu- 
lating means and said voltage regulating 
means are being continuously operated. 

IS 13. A battery charger having current regulating means 
and voltage regulating means connected in series, 
and using an input voltage and an input cun-ent 
supplied thereto from a power source, for supplying 
a secondary battery with a charging current at or 

20 below a predetermined value with said current reg- 
ulating means and for supplying said secondary 
t^attery with a charging voltage at or below a prede- 
termined value with said voltage regulating means 
in order to charge said secondary t)attery, said bat- 

25 tery charger comprising: 

first pulse width modulating means for generat- 
ing a first pulse signal having a desired pulse 
width if a loss of said current regulating means 

30 exceeds an allowable loss; 

second pulse width modulating means for gen- 
erating a second pulse signal having a desired 
pulse width if a loss of said voltage regulating 
means exceeds an allowable loss; 

35 priority pulse generating means for selecting a 

pulse signal having a narrower pulse width out 
of said first and second pulse signals and out- 
putting the selected pulse signal as a priority 
pulse signal; and 

40 control means for intermittently operating said 

current regulating means and said voltage reg- 
ulating means based on said priority pulse sig- 
nal. 

45 14. The battery charger according to claim 13, having: 

current detecting means for detecting said 
input current, wherein said first pulse width 
modulating means, if a detection result of said 

50 current detecting means is above a rated value. 

generates said first pulse signal having a pulse 
width according to the detection result; and 
voltage detecting means for detecting said 
input voltage, wherein said second width pulse 

55 detecting means, if a detection result of said 

voltage detecting means is at>ove a rated 
value, generates a second pulse signal having 
a pulse width according to the detection result. 
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1 5. The battery charger acoording id daim 1 3. compris- 
ing: 

current detecting means for detecting said 
input current; s 
voltage detecting means for detecting said 
input voltage; and 

accumulating means for accumulating detec- 
tion results of said voltage detecting means 
and said current detecting means to calculate a io 
value of input power supplied from said power 
source, and wherein 

said first and secorKi pulse width modu- 
lating means, if a calculation result of said 
accumulating means is above a rated value, is 
generate said first and second pulse signals 
respectively. 

16. The battery charger according to any one of claims 

13 to 15. wherein 20 

said control means continuously operates 
said current regulating means or said voltage regu- 
lating means which is t>eing intermittently operated, 
based on an output signal from said priority pulse 
generating means. 2s 

17. The battery charger according to any one of claims 
13 to 16, comprising 



with a charging curent at or below a predetermined 
value with said current regulating means and for 
supplying said secondary k>attery with a charging 
voltage at or below a predetermined value with said 
voltage regulating means in order to charge said 
secondary battery, said battery charging method 
comprising: 

first pulse width modulating means for generat- 
ing a first pulse signal having a desired pulse 
width if a loss of said current regulating means 
&cceeds an aliowat>le loss; 
second pulse width modulating means for gen- 
erating a second pulse signal having a desired 
pulse width if a loss of said voltage regulating 
means exceeds an allowable loss; 
priority pulse generating means for selecting a 
pulse signal having a narrower pulse width out 
of said first and second pulse signals and out- 
putting the selected pulse signal as a priority 
pulse signal; and 

control means for intermittently operating said 
current regulating means arxi said voltage reg- 
ulating means k>ased on said priority pulse sig- 
nal. 



current detecting means for detecting a fully so 
charged state of said secondary k)attery by 
detecting said input current while said current 
regulating means and said voltage regulating 
means are being continuously operated. 

35 

18. A battery charging method of a battery charger hav- 
ing current regulating means and voltage regulating 
means connected in series, and using an input volt- 
age and an input current supplied thereto from a 
power source, for supplying a secondary battery 40 
with a charging current at or below a predetermined 
value with said current regulating means and for 
supplying said secondary battery with a charging 
voltage at or below a predetermined value with said 
voltage regulating means in order to charge the 45 
secondary battery, wherein 

if a loss of said current regulating means or 
said voltage regulating means exceeds an allowa- 
ble loss, said current regulating means or said volt- 
age regulating means, having a loss exceeding the so 
allowable loss. Is Intermittently operated based on a 
pulse signal having a desired pulse width. 



1 9. A battery charging method of a battery charger hav- 
ing current regulating means and voltage regulating ss 
means connected in series, and using an Input volt- 
age and an input current supplied thereto from a 
power source, for supplying a secondary battery 
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